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‘ “ OTOR trucks have been well designed and well built from an auto- 

FE motive standpoint. They will do a hauling job wherever there is 
NINCEVINS the semblance of a road or other reasonably flat surface which will provide 
traction. Their development for farm use has required little or no agricul- 

tural engineering attention to their design. Even the body types developed 


Vavm for various commercial hauling jobs have proven satisfactory for farm 


hauling of similar materials. 


yf There are agricultural engineering problems and opportunities, how- 
Tr. HC, ever, in connection with the selection, utilization, maintenance, and re- 
placement of farm trucks. Any farmer can drive a truck, but getting the 
most out of it as a unit of farm operating equipment is a matter of app|y- 
Use ing principles of investment, fuel, material, and labor economy. In this the 
truck must be considered in relation to other farm equipment and to the 
whole production program and operating setup of the farm as a producing 
unit. It is an agricultural engineering job to work out and state the prin- 
ciples, and establish application data which can readily be applied to show 
what motor truck investment, capacity, and use methods may prove most 
economical on any particular farm. 
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Engineering and Leadership 


E commend especially to the thoughtful reading of 

/ agricultural engineers who are young in years and 

spirit, the address on “Training for Aggressive Leadership,” 
by K. J. T. Ekblaw, published in this issue. 

Engineering and leadership are two different things. 
Many engineers are not leaders. Many leaders are not engi- 
neers. But there is a good reason why it would be desirable 
if the two were combined in more of the same individuals. 
The discipline of engineering training and work helps de- 
velop, in most men who become engineers, qualities of 
intellectual honesty and personal integrity which help steer 
leaders in the right direction. By “right direction” we mean 
direction which will give most satisfaction in the long run 
to the leaders as well as to those who are led. Do you have 
to go beyond your own circle of personal acquaintances to 
note cases of men actively leading great or small affairs in 
directions which you would question? Probably not, but if 
so, the front page of the daily paper will furnish examples. 

The affairs of men need, not only more leadership, but 
a higher character of leadership. And as Mr. Ekblaw points 
out, leadership is the result of a combination of personal 
qualities inherent in most people to greater or less degree, 
subject to development, but which few individuals develop 
in themselves to their fullest capacity. Engineers can never 
furnish all of the leadership which will develop in this 
world, but what they do furnish can be of high quality, and 
that seems a good reason why engineers individually, and 
as a profession, should make a concerted attempt to develop 
and exercise their capacities for leadership. 

It also seems logical that engineers, being concerned 
with the development, conservation, and use of human and 
natural resources, should practice what they preach and 
begin at home with the fullest and highest development of 
the resources of their individual minds and bodies. 


Agricultural Factors in National Defense 


WO general ways in which agricultural engineers can 

aid the national defense program evolved from discus- 
sion of the subject at the recent annual meeting of the 
Society. Our relation to agricultural production phases of a 
defense program is obvious. Increased economic and me- 
chanical aspects of modern defense further suggest that 
training and experience has qualified many agricultural 
engineers for important work in military phases of the de- 
fense program and in nonagricultural as well as agricul- 
tural phases of the national economic foundation for de- 
fense. The defense program puts a premium on engineering 
ability and accomplishment in effective use of men, mater- 
ials, energy, and mechanical equipment. There is perhaps a 
danger that nonagricultural phases of defense will absorb 
agricultural engineers to the extent that their possible con- 
tribution to its agricultural phases will be weakened. 
_ Agricultural problems of national defense involve con- 
tinued production of staple commodities and new or in- 
creased domestic production of important commodities or of 
substitutes for commodities previously imported. 
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From a defense standpoint we are blessed with substan- 
tial stores of staple farm commodities, with widespread fav- 
orable climate, soil, and farm population, and with existing 
knowledge and facilities for substantially increasing pro- 
duction per acre or per man-hour. But preparation for de- 
fense is a matter of preparation to meet possible con- 
tingencies. 

So far as staple farm products are concerned, plans need 
to be made and ready to be put into effect on occasion, to 
adapt production to new requirements and new conditions 
which might develop. Some commodities might be needed 
in greater and some in smaller amounts. 


Defense with a large army and navy suggests plans for 
continued farm production with reduced manpower. 


Defense involving actual military operations in this 
country suggests plans for maintaining farm production 
without benefit of some areas now in production. 

Defense against ‘‘fifth column” activities suggests plans 
for further decentralization of farm product storage. 


Any substantial defense suggests the possibility that cer- 
tain strategic materials now used in making farm equip- 
ment may be exhausted or less readily available for such 
use. Planning for redesign and use of substitute materials 
may be in order. 

Additional problems are involved in maintaining sup- 
plies of organic materials which we have, up to now, im- 
ported in large quantities. Production in this country might 
be started or increased quite rapidly in the case of sugars, 
starches, proteins, vegetable oils, fibers, and certain sources 
of important pharmaceuticals or other organic compounds. 
And many of these allow considerable opportunity for sub- 
stitution and for chemical changes in processing to meet 
requirements. Relative to some other important commodi- 
ties, such as rubber and coffee, our position is not so secure, 
and possibilities of early domestic production are much 
less promising. 

Defense considerations suggest that the whole subject 
of organic material requirements, present sources, and pos- 
sibilities, means, and economy of domestic production be 
analyzed for opportunities to improve our position by agri- 
cultural engineering attention to the nature, variety, meth- 
ods, and economy of American farm production. 

And, however great the immediate urgency of defense 
measures, there is also occasion to look and plan ahead for 
a sound agriculture when the immediate defense emergency 
has passed—for realization by farmers as well as the rest 
of the nation, of the freedom and opportunity our present 
defense program seeks to preserve. 


Environment for Production 


INCE publication of our editorial on ‘Factors in Farm- 
S ing Effectively," we have been called, and justifiably, 
on our implication therein that farm operations “provide 
environment’ for the growth of crops and livestock. More 
explicit language is warranted. 

Crops and livestock live in environment provided, not 
by man, but by the very nature of things. The idea we 
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meant to convey was that operations, manipulations, and 
controls provide, or result in, specific environmental con- 
ditions other than those which would result by letting na- 
ture take its course. In other words, the farmer modifies 
crop root environment by tillage, poultry environment by 
housing, and marketable product environment by pasteuri- 
zation, refrigeration, ventilation, and similar means. 

The point of our argument was that the agricultural 
engineering work of improving mechanical and electrical 
devices, structures, controls, manipulations, and operating 
methods for modifying environment for effective farm pro- 
duction, could proceed more soundly and rapidly if it could 
be based on more accurate information as to biological 
response to specific conditions of environment. 


Work for Engineers 


HOULD agricultural engineers take an active interest 

in economic and social matters, and if so, how far 

should they go in these fields? Or, restating the question, 

could agricultural engineers individually and collectively 

do more effective work by supplementing their technology 

with increased understanding of certain phases of economic 
and social science? 

Other branches of engineering face similar questions, 
and opinion ranges between wide extremes. We do not 
pretend to have the final answer, but believe that free dis- 
cussion may help to clarify the issue. 

The whole question arises from criticism of engineers 
and engineering work as an apparent cause of undesirable 
economic and social conditions, of some individual engi- 
neers on the ground that they are not broad enough to do 
as effective work as their employers or prospective employ- 
ers would like to have them do, and from the desire of 
many engineers to work more effectively. It has been em- 
phasized by the relative depression of the ‘thirties, follow- 
ing the machine-made prosperity of the ‘twenties. Farm 
mechanization has come in for its share of adverse opinion. 

Those who believe that engineers should tend strictly 
to their technical knitting point with considerable logic to 
the fact that this technical field is already larger than any 
one individual can fully master in all of its phases and 
details; that most engineering work is sound and valuable, 
and therefore can survive unfounded criticism; that eco- 
nomics and sociology are young sciences with little back- 
ground of quantitative knowledge applicable in engineer- 
ing methods of thought and work; and that, as indicated 
by an old adage, a little learning in these fields may be 
dangerous, as it clearly is in engineering. 

On the other hand, engineers are human beings and 
necessarily interested and personally involved in economic 
and social relationships. Some minimum understanding of 
these matters seems indicated as 2 prerequisite to effective 
life and work. The question is, how much understanding 
in these fields, and how much effort to acquire it, can be 
of more value to engineers than the additional finesse which 
might be developed by applying the same time, study, and 
thought to engineering technology ? 

Opportunity for engineers to work depends on someone 
seeing specific opportunities for engineering technology to 
serve economic or social purposes, and providing the re- 
quired financial support. These people with the power and 
will to initiate engineering work may be engineers who are 
more than technologists, having an appreciation of human 
needs and of various ways in which technology might be 
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applied to help satisfy those needs. Or without being engi- 
neers, they may be business men, politicians, or citizens in 
other walks of life who have some appreciation of the 
physical results which can be brought about by engineering 
technology, and used to human advantage. Obviously per- 
sons who are uninformed, indifferent, skeptical, or directly 
opposed to the changes in the agencies and ways of living 
and of earning a living, which can be brought about by 
engineering technology, furnish little direct employment 
for engineers. 

In a democracy public opinion influences engineering 
opportunity still more broadly from the standpoints of er- 
ployment in public service, legislation, and acceptance and 
use of engineered commercial products and services. 

Now, if engineers can be sure that they have and wi!! 
continue to enjoy all the opportunity and support they con 
use to advantage, by reason of favorable public opinion, of 
work being thrust upon them, and of appreciative em- 
ployers paying fairly for technical achievement, there might 
be little need of engineers learning anything of economic 
and social considerations. They might perform great and 
satisfying service as appreciated minions of worthy masters. 

But if engineers are unemployed or poorly employed 
because there is a shortage of men with the understanding, 
vision, and aggressiveness needed to put engineers and 
engineering technology to work serving specific economic 
and social purposes; if the potential value of engineering 
needs to be sold and kept sold to a changing and confused 
but powerful public facing a complex world; if engineers 
are underpaid because the difficulties and values of their 
work are not fully appreciated; if engineers are to be lead- 
ers and effective cooperators, getting engineering technology 
into action whenever, wherever, and however it can serve 
legitimate human interests, then it seems in order for engi- 
neers to show an intelligent interest in economic and social 
considerations. 


This does not mean that engineers need to learn all the 
ins and outs of banking, the wholesale grocery business, 
criminology, social settlement work, and a thousand other 
phases of our economic and social life. It does not mean 
that they should become supermen. It does mean that they 
should know something of the place and influence of their 
work in the cause and effect relationships of economic and 
social phenomena. 

It means that they should be able to look at life as it is 
lived, and see the need and opportunity for new machines, 
improved structures, and simplified operations. It means 
that they should be able to understand and to explain to 
their neighbors the influence of engineering development 
on production capacity, employment, wages, living and 
working conditions, education, and other human values. 

It means that agricultural engineers need to think in 
terms of farm working and living conditions, of making 
the farm attractive to the highest type of farm youth, and 
of helping farmers increase their capacity to render c:0- 
nomic service, in addition to thinking in terms of m a- 
hours and horsepower-hours per operation, per acre, or per 
bushel. It means relating the technically possible to ‘1¢ 
economically feasible and the socially desirable. It mens 
thinking in terms of helping farmers move a step ah« id 
of where they are. It means counteracting a lot of mis1- 
formation, misunderstanding, and plain hokum about |1¢ 
good old days, the cost of farm equipment, the price of 
farm products, and the danger of modernization reducing 
farmers to peonage. It means that agricultural engine :s 
are the logical persons to apply engineering technology ‘0 
practical farm problems. 
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Training for Aggressive Leadership 


By K. J. T. Ekblaw 


HE reason I am appearing be- 
fore you at this time is because 

it is customary for the president 
of the Society to address its annual 
meeting. What I shall say is something 
that is very much in my heart and mind 
at this time, something that has come 
to have, I believe, importance to our 
Society as a whole and to each of its 
individual members. 

If there is anything that the world 
needs, it is strong, inspiring, aggressive 
leadership, and that is what I am going 
to talk about. 

Let us view the prospects and op- 
portunities for leadership that normally 
exist here in our own country. When 
we study our national and our agricul- 
tural situation, and get down to a real 
appreciation of what is happening, the 
great need for leadership, and for 
training in leadership, becomes clear. 

In spite of the fact that there have 
always been manifold and serious problems concerning it, 
farm life, as developed in the typical American way, became 
one of the most important factors in the stability of the social 
and industrial life of the country. A condition of relative 
smoothness in operation and the production of consistently 
satisfactory results obtained for over a century of rather 
steady development. In recent years this condition has 
changed rather materially. Following the World War, agri- 
culture descended into a depression from which it has, as 
yet, not recovered. Something happened to American farm- 
ing, which rather suddenly transformed it from a profitable, 
self-supporting productive economic system into a confused, 
dependent, profitless industry which is desperately trying to 
work out some sort of a satisfactory salvation in relation 
to other economic groups, and finding it an extremely diffi- 
cult task. Just what the causes were of this dismaying 
transformation is a matter of divergence of opinion, and it 
is not my purpose to recite them here or to argue their 
relative weight. We know that agriculture was thrown 
into serious unbalance by the establishment of new power 
systems, by tremendous changes in crop production, by 
worldwide readjustments of markets, by new conceptions of 
What constitutes correct relationships of capital and labor, 
and by other similar factors. All these things seemed to 
come to a climax in the early part of the present century. 
Astounding demands came upon all industries, and almost 
superhuman efforts have been made to meet them. Agricul- 
ture suffered perhaps most of all; and the difficulties to be 
Overcome in meeting the demands that have come upon it 

appear to be almost insurmountable. 
Tremendous undertakings in the readjustment of agri- 
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culture to the mew regime are under 
way. Agriculture may have been asleep ; 
it may not have been aware of the 
changes that were quietly but effective- 
ly being accomplished in other indus- 
tries. Certainly now it is awake, wide 
awake, and things are beginning to 
happen. Not only is agriculture itself 
thoroughly awake, but the whole na- 
tion has come to a somewhat late reali- 
zation that it is upon agriculture more 
than anything else that its economic 
prosperity depends. 

It is well indicated that science 
is destined to lead the way in this 
rehabilitation of the agriculture of our 
country — science, as expressed in 
physics, in biology, in chemistry, all of 
which are part and parcel of engineer- 
ing. Engineering in agriculture is the 
answer—and engineering in agriculture 
means agricultural engineering! 

In this very sketchy painting of the 
picture that lies before us, I am sure 
you can see the things that lead me to the conclusion that 
one of our greatest needs today is leadership—strong, in- 
telligent, aggressive leadership. Oh, the demand for lead- 
ers is upon us right now! How I hope that our Society and 
our individual members will recognize and appreciate it! 
How I hope that our agricultural engineers may see the 


opportunity, and seize it, to the great advantage of them- 
selves and of our country! 


DEVELOPING QUALITIES OF LEADERSHIP 


Now, the one main point that I want to make is this: 
Leadership can ‘be developed. 

It is probably true that the qualities that make for 
leadership are not possessed by all individuals to the same 
degree; but I am sure that every one possesses these quali- 
ties to some degree. Therefore, since leadership itself is 
such a valuable and desirable thing, it is each one’s personal 
duty and obligation to cultivate and develop what share he 
possesses of these qualities to the fullest possible degree. 
To that degree, he can become a real leader. 

You have seen, as I have, many an individual fall far 
short of the attainments which were clearly indicated to be 
possible for him. Many may have been the reasons for 
such failure but all of them could have been cancelled had 
someone convincingly brought him to a realization that he 
had within himself the power to rise to far greater heights. 

Likewise, many individuals, with possibly remarkably 
great potentialities as leaders, have bogged down into the 
ruts of commonplace routine, simply because they did not 
appreciate their own capabilities for inspiring their fellows, 
and no one saw fit to give them the right kind of a push 
in the right direction at the right time. 

Perhaps you have sometime wondered just what con- 
stitutes leadership. It is a quality that is rather hard to 
define in a nanl or two. It is really a combination of 
qualities: Knowledge is a fundamental constituent; vitality, 
vigorous vitality, is another; personality is another; the 
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ability to make quick and correct decisions is important; a 
certain amount of determination and pertinacity enters into 
it; as does the ability to take defeat and not be conquered 
by it, but to come back into the fray with new vigor and 
strike harder than before. 

These are some of the things that constitute leadership ; 
and I maintain that every one of these qualities are quali- 
ties that can actually be cultivated and developed. 

Let us face this problem as it concerns agricultural engi- 
neers particularly. What are some specific things that agricul- 
tural engineers can do to become real leaders? 


PERSONALITY FOR LEADERSHIP 


Perhaps personality is a good thing to start to work 
with. Ask yourself if you have ever given a thought to 
developing your own personality. Have you just gone 
along complacently believing that every one likes you just 
as you are? Don’t you think that you could do something 
to improve yourself so that your relations with your fellows 
would be pleasanter, happier, more agreeable? Don't you 
think that if you really tried, you could talk more intelli- 
gently about practical subjects, that your language and your 
conversation could be made better and more understand- 
able, that you could act a little more courteously, that you 
could be more considerate of the other fellow, that you 
could be more unselfish in your relationships with your 
associates—if you really tried? I am sure that every one 
of us could. 

If I so desired, I could cite a hundred instances in 
which the personalities of individuals had changed, for 
better or worse, in a relatively short time. So could you. 
It only helps to prove my point that personality, one of 
the essentials of leadership, can be cultivated and developed. 
So, when we are about it, let us make sure that the develop- 
ment proceeds in the right direction, and that we improve 
personality rather than spoil it. 


SELECTIVE GROWTH IN KNOWLEDGE 


Another next thing that an agricultural engineer should 
consider in his progress toward leadership is knowledge. 
Presumably he has a good supply of it, but is it of the 
right kind? It is not my intention to lay out an agricul- 
tural engineering curriculum to define the kind of knowl- 
edge an agricultural engineer must have, but certainly if 
he is going to be a leader in the agricultural engineering 
field, he must have more than a smattering of the subject. 
You simply can’t have too much knowledge, but don’t try 
to get it all, all at once. Concise, accurate, useful knowledge 
can be acquired by anyone who will apply himself pains- 
takingly. In our field, as in all others, we suffer from the 
incompetence of those who have only a slight knowledge of 
the work they are doing. The quantity of knowledge which 
an individual can absorb depends upon his mental capacity, 
but if he aspires to real leadership, what knowledge he 
does acquire must be useful and factual. An agricultural 
engineer must necessarily cover two great fields, agriculture 
and engineering, and the amount of scientific knowledge 
that has been developed in these fields is so great that 
only an incredible genius could acquire it all. Therefore, 
the greater need to make sure that what we do select to 
learn is really useful and true. 


EXERCISING CHOICE IN EXPERIENCE 


After knowledge comes experience. Here our choice is 
perhaps narrowed. Often our experience is controlled by 
circumstance, but again, if our determination is sufficiently 
strong, we can choose the avenues in which we progress 
and can thus largely determine the character of our experi- 
ence. Very few individuals seem to have the ability to 
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select a certain line of endeavor early in life and follow it 
through consistently. Perhaps it is well that this is so, 
But certainly, by the time we are beginning the acquisition 
of what we call ‘professional experience,’” we ought to 
know pretty well what we want; and if we want to be- 
come recognized for leadership in some particular field, 
we must concentrate in that field. You have seen, just as I 
have, many a career that has been ruined because an indi- 
vidual refused to concentrate: He moved about from job 
to job like a will-o-the-wisp, led by the flimsiest and most 
meager influences. It takes courage and determination to 
acquire the right kind of experience, the kind that will 
contribute substantially to real leadership, but, again, it is a 
thing within our control. 


BREADTH OF KNOWLEDGE AND EXPERIENCE 


But it will not do for a leader to be narrow in his 
knowledge and experience. He must be informed on many 
general subjects; he cannot stay exclusively within his own 
field; he must venture abroad and acquire some knowledge 
in other fields into which he may possibly have to continue 
his leadership. He may possess a natural talent for financial 
affairs; he may possess managerial ability; he may be led 
into the field of practical politics; he may have inherent 
within him the qualities of administratorship. These op- 
portunities for exercising special talents generally appear 
coincidently with the development of leadership, so it 
behooves the individual to be prepared for such eventuali- 
ties by fitting himself with a supply of practical knowledge 
on general subjects. This can readily be acquired by sys- 
tematically following a set plan of pers: reading, by 
conversing with well-informed specialists in various sub- 
jects, and by collating and correlating such information as 
is thus obtained. 

One of the surest indications that a man is a real leader 
is the breadth and accuracy of his general knowledge. It 
proves that he has trained himself to think straight, to 
develop his own ideas, and to express them clearly, simply, 
and forcefully. 

On the other hand, the man who lets others do his 
thinking for him, who is too lazy mentally to do the neces- 
sary winnowing of the wheat from the chaff, will never be 
a leader. Too often we are swayed by the specious argu- 
ments of others. We must build up our own reserves of 
general knowledge so that we can express sensible opinions, 
if we are to gain general recognition as leaders. 


RESPONSIBILITIES OF EDUCATIONAL INSTITUTIONS 


So much for that phase of the subject. I could con- 
tinue along the same line, but now I want to shift my 
attack from the responsibility of the individual to that of 
the institution in which he gets his training. However, I 
do not mean to be presumptuous when I make certain 
suggestions which I am confident will help the individual 
acquire the qualities of leadership. 

Narrowness of development is a fault that can be 
blamed upon both the educational institution at which an 
agricultural engineer gets his technical training and the 
organization in which he gets his professional expericnce. 
What to do to correct it is far beyond the scope of this 
talk, and, indeed, far beyond my ability to suggest. 1 do 
think, however, that greater effort should be made both by 
educational and by industrial organizations to broaden the 
basis of the schedule of study and labor, so that the coming 
agricultural engineer, as student and as apprentice, will 
have the chance to become more than a mere technician and 
possibly a very mediocre, half-baked one at that. 

At the risk of being called old-fashioned and reaction- 
ary, and of being challenged by (Continued on page 263) 
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The National Defense, Agricultural Engi- 
neering, and Farm Chemurgy 


CHARACTERISTIC of the engineer in agriculture, 
as in other branches of the engineering profession, 
is that he carefully defines and limits his problem 

before laying out a plan for its solution. 

The United States is faced with the problem of insur- 
ing the future of a free people. Like most problems, it 
constitutes an opportunity. In the imperative duty of na- 
tional military defense, the country today has an extraordi- 
nary opportunity to strengthen its economy, to revitalize 
the spirit of its citizenship, and to perpetuate on this hemi- 
sphere the American heritage of Freedom. 

In meeting this opportunity, agricultural engineering 
and chemurgy each has a share. 

The situation as of today demands a cold analysis, an 
analysis that will determine the fundamentals of the prob- 
lem. What will defense of our nation require next year, 
and in the years to come? What facts will be changed, and 
what facts will remain? What ideals and areas and condi- 
tions are to be defended ? 

Clearly enough the will of the American people is that 
the strength of the nation be organized to defend American 
territory, American ideals, and American conditions of free- 
dom and individual opportunity. With such a will so defi- 
nitely manifest, in a world where none can predict the 
details of tomorrow, the time is here when this country 
must be ready to take the aggressive, not for aggrandize- 
ment, but for the preservation of Freedom. 


AREA OF DEFENSE IMPORTANT TO THE UNITED STATES 


This is not a time to sit back and wait for bad news. 
Rather it is a time to guarantee good news for all the 
future generations of America. 

The United States does not need more territory to 
enlarge or enrich its living room. But, if the American 
ideal of Freedom is to be insured against outward attack, 
the nation must not fear strong measures. If, at any moment 
in future months, there appears the slightest authentic likeli- 
hood that tyrants of the Old World contemplate approach 
to the Western Hemisphere, the United States should be 
ready and able to control and hold every spot of military, 
naval, or aviation base value between the north pole and the 
equator in the western world. If, in order to have such 
protection, it is necessary to exercise authority over the peo- 
ple and lands involved, we should not shrink from that 
possibility. 

This is the geographical area of our defense. This area 
can be defended against any possible coalition of forces, if 
the American people so determine. No land in North 
America that is ably and loyally defended can be conquered, 
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unless it can be occupied. No power or coalition of the 
Old World can ever hope to land in this area the millions 
of men and the millions of tons of metal that would be 
necessary for — The oceans between us and the 
old continents, and oceans and the terrain between us and 
lower South America, are far more powerful barricades 
than the imaginary lines, however fortified, that separate 
the small countries of Europe. 

The immediate task of the nation is to provide whatever 
military, naval, and air forces are necessary to insure such 
protection. The likelihood of an actual need for protec- 
tion on such a scale may be very slight, but, just as one 
carries automobile liability insurance no matter how care- 
fully he drives, the insurance of adequate defense is indis- 


pensable in a world where anything can happen and some- 
times does. 


DEFENSE FOR PEACE TO PRESERVE DEMOCRACY 


No less immediate in urgency is the internal defense of 
Freedom under representative government. Already we 
hear the voices of distinguished leaders in education, in 
journalism, in business, and in government urging that the 
United States declare war at once on Germany. Beating 
the drums of emotion and fanning the fires of hatred, they 
believe that Europe’s affairs are our affairs, and that what 
they call democracy can be preserved by our participation 
in this latest outbreak of the feuds that have devastated 
Europe and stifled liberty there for centuries. They forget 
that with a declaration of war the United States itself of 
necessity must enter into the conditions of dictatorship for 
the duration of a war of long years or decades, to be fol- 
lowed if ever by a peace that may not see representative 
government restored in our lifetimes. I for one prefer the 
course of building a defense to make war impossible in 
North America. 

The construction of a sound and complete defense calls 
again for aggressive action. Far more than the equipment 
of armament is to be considered. The most important ele- 
ments of defense are unity in Americanism and economic 
superiority. 

The lag in economic development of the nation has 
imperiled our unity as well as our defensive strength. 


NATIONAL ECONOMIC STRENGTH IMPORTANT TO DEFENSE 


For a dozen years, many who have held the high pul- 
pits of public office, and who through the press and radio: 
have commanded the eyes and ears of the public, have 
pointed a contemptuous finger at those of us who dared 
to proclaim our belief that the resources of the United 
States should be developed in preference to those of for- 
eign countries. They have sought to damn us as “‘isolation- 
ists." They have curled their lips and called us “national- 
ists." They have insisted that American farmers must sacri 
fice the home markets to foreigners in the interests of 
international trade. They have openly fought our efforts 
to stimulate research in order that the magnificent possibili- 
ties of our agriculture might be more fully realized. They 
have declared that their policies were the route to interna- 
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tional peace! Many of them are the same persons who 
today are clamoring for intervention in the shambles of 
Europe where there is no peace, and they are as wrong 
today as they were yesterday. 


Now that the defense of their nation must be strength- 
ened, I hope some of them will be decent enough to hang 
their heads in honest shame. They must know that the 
military strength of a nation in the last analysis has to 
depend upon its ability to command, from within its own 
borders, the materials necessary to sustain not only the 
armed forces but the whole civilian economy of the coun- 
try. The United States has failed to fortify itself inter- 
nally as woefully as it has failed to provide its armed 
defenses. 


Five years ago, in July 1935, at the request of the 
chairman of a special committee on research appointed by 
the Secretary of Agriculture, I prepared a brief on agricul- 
tural research. In it were the following words: 


“The national defense must always be a foremost considera- 
tion of statesmen. To this end that the peace and safety of the 
United States shall be assured, we take for granted the necessity 
for maintenance of an army with sufficient subsidiary means for 
military preparation, of a navy prepared to defend our shores 
and ships—both with their various branches for air, land, and 
water, and their supporting agencies. 

“Preparation for provision of adequate supplies of all kinds 
for these fighting agencies, from our own national sources 
within our own national borders, is looked upon as an axioma- 
tic necessity of national defense. Such supplies include not only 
munitions, food, clothing, medical requirements, and transport 
for the fighting forces, but all commodities necessary for the 
support and morale of the non-combatant population of the 
country. 

“From the standpoint of national defense, the clear objective 
of research should be to make provision for the production, at 
some cost, from some domestic source, of every item that it is 
anticipated may ever be required for the use of our defensive 
forces; and, further, of every item of domestic need that might 
be shut off by the incidence of foreign wars in which this coun- 
try may not be engaged. 

“Department of Agriculture research projects which clearly 
contribute to these ends should, therefore, be worthy of consid- 
eration by the Congress.” 


DEFENSE OF THE AMERICAN STANDARD OF LIVING 


Alongside the defense need for ample domestic sup- 
plies of raw materials has been the imperious need of our 
farmers for additional profitable enterprise and of our 
workers for additional employment. While the cotton mar- 
kets of the South have been fading away, little has been 
done to enable southern farmers to replace cotton with new 
crops. This inactivity has been in the face of annual impor- 
tations of two billion pounds of oils and fats, some of 
which certainly could be produced on cotton lands. With 
an agricultural area in the United States that embraces al- 
most every possible condition of soil, altitude, temperature, 
and humidity, we still send overseas for essential supplies 
of jute, hemp, flax, long staple cotton, coarse wool, and 
other fibers. 

There is another angle in the national defense that cer- 
tainly will have to be faced whatever the outcome of cur- 
rent struggles. Whether the eventual victor in Europe is 
Hitler or the British, whether the United States enters the 
war or not, whether Hitler threatens the western hemi- 
sphere or not, we in this country are going to have to estab- 
lish defenses for the American standard of living. 

The instrument required for this purpose is the un- 
leashed production of the materials and goods which Ameri- 
cans consume. Production creates earning power, and earn- 
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ing power is the basis of the standard of living. Standards 
of living can not be advanced without a dynamic produ:- 
tion machine ever moving on enlarging paths. A shrunken 
production will either produce or nega depression. 
That is why depressions inevitably follow wars, and why 
more depression will follow the present war with a pain- 
ful shock to American standards unless intelligent national, 
industrial, and agricultural statesmanship intervenes to sct 
in motion additional forms of production. 


Those of us who have urged the farm chemurgic pro- 
gram have believed that by establishing new crops to sup- 
ply the materials now needed and consumed in America, 
by developing new uses for farm products, by finding mar- 
kets for agricultural wastes, the profitable output of agri- 
culture could be increased. You in the fields of agricultural 
engineering have worked to reduce the costs of production, 
and to improve not only productive efficiency but the ability 
of producers to enjoy the fruits of their work. Thus che- 
murgy and agricultural engineering operate hand in hand 
for the military and civilian defense of our country, and for 
the defense of our standards of living. 


ECONOMIC DISASTER IN AMERICA CAN BE AVOIDED 


Those who predict economic disaster for the United 
States as a certain consequence of possibilities abroad, arc 
walking in the sleep of their own ignorance. Only six per 
cent of the national income of the United States derives 
from foreign trade. Five times that amount of activity can 
be generated by our agriculture alone, if the land is enabled 
to produce fully for American markets and encouraged to 
create the new earning power of which it is capable. This 
country needs to wake up to the job of implementing its 
own consuming power. It needs columnists and commenta- 
tors and public leaders who know about science as well as 
international politics. 


No one can set an upper limit upon the possible pro- 
duction of wealth by farmers. In the first place, the raw 
materials of agriculture are mainly atmosphere and rain, 
of which supplies are ample. The plant geneticist, with his 
ability to develop crops to industrial specifications, is open- 
ing wide new fields. The organic chemist, with his ability 
to transform plant substance into wholly new forms of ma- 
terial for human use, is opening broad new markets. The 
flora of the world should all be re-examined for the gene- 
ticist and chemist. We can anticipate, if we can not foresce, 
the eventual use of farm-grown raw materials for commo- 
dities as new to our standard of living and as much a part 
of it as the motor car and radio, unknown and undreamed 
of a few years ago, are now. 


RESEARCH AND NATIONAL OBJECTIVES 


Such developments can only follow the kinds of re- 
‘search for which chemurgy cries. They can follow only 
such applications of agricultural engineering as your pro- 
fession will provide for devising sound, economical, and 
reliable procedures in production and handling. Chemurgy’s 
progress depends quite as much upon the engineer's work 
toward economical production and handling as upon the 
research scientist’s basic studies. 


Here in America already, because of the great produc- 
tivity of our people under Freedom and because of Free- 
dom, we have erected a nation long the envy of all the 
Old World. We shall defend it to the uttermost limit 
against invasion from without or destruction from within. 
Nor shall we be satisfied to defend it. Our obligation and 
our determination shall be to advance this nation in the 
paths of power, in the ways of peace, and toward higher 
standards of plenty. 
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The Economics of Farm Machinery 
By Dr. John Lee Coulter 


ECAUSE you who constitute my audience today are 
yourselves students of the various engineering prob- 
lems of agriculture, perhaps it is unnecessary for me 

to even remind you that during untold thousands of years 
members of the human race subsisted either by hunting and 
fishing, or later by grazing their flocks and herds of do- 
mesticated animals, thus utilizing the natural resources of 
the areas in which they lived. Let me repeat that this con- 
dition continued over many thousands of years. During 
additional hundreds of years the people gradually developed 
the use of primitive tools and implements, operated wholly 
or almost wholly by the physical labor of the people them- 
selves. Farm machinery is so modern that, in large measure, 
it dates back only to the founding and settlement of our 
own country. 

Even today literally untold thousands of people continue 
to utilize the natural resources in the areas in which they 
live with the aid only of the same primitive tools and 
implements, and only now are commencing to introduce 
the use of more modern farm machinery. I said untold 
thousands of people; without exaggeration I might as well 
have said untold millions; indeed, it would not be an 
exaggeration to say that a billion human beings continue 
the use of the most primitive implements, tools, and ma- 
chines, although during recent centuries domesticated ani- 
mals have been used to some extent to supplement human 
labor in the operation of primitive equipment. Horses, 
mules, and cattle especially have added their physical weight 
to the efforts of human beings so that, in addition to sup- 
plying dairy products, meats, hides and skins, wool, hair, 
etc., or animals for the chase and for war, they have become 
the so-called beasts of burden. 


An address before the annual meeting of the American Society 
of Agricultural Engineers at State College, Pa., June 17, 1940. 
The author is a consulting economist. 


During these long periods and over these vast areas, 
involving tremendous numbers of people, it required almost 
the whole time of practically ali of the people to provide 
merely for the bare subsistence of the population. When 
not engaged in actual production, all members of the family 
joined in preparing the hides and skins for use, or in card- 
ing, spinning, and weaving fibers, or in otherwise prepar- 
ing or preserving the products of the growing season for 
later use. To state it another way, relatively few could be 
spared to pursue the arts, sciences, or other pursuits of life. 
That is to say, modern civilization awaited the development 
of farm machinery to relieve important elements in the 
population from the primitive tasks of producing the 
requirements of subsistence, and one might almost say that 
all modern progress dates from the work of the agricultural 
engineer. 1 am therefore delighted to come before you to 
compliment you and those who preceded you in the tre- 
mendously important task of reducing the human burden 
necessary in producing the basic materials necessary for the 
maintenance of human society. You and those who pre- 
ceded you in this great task deserve the highest degree of 
praise from mankind. 

While much was accomplished in western Europe and 
during our own colonial days, the real foundation for the 
great development of agricultural machinery was laid dur- 
ing the first one hundred years of our national life and the 
scene was in the United States of America. I refer to the 
period extending from approximately 1775 to 1875. Even 
during our own colonial days almost the entire population 
found it necessary to devote its time to the production of 
the basic materials of life, the clearing ar breaking of 
wild land, and the building of necessary shelter. In other 
words, so-called city population was limited to an extremely 
small number at the beginning of our national existence. 
Thus, in 1790 there were only six places in the United 
States with a population of 8,000 inhabitants or more, and 


Development of science, the pro- 
fessions, the arts, widespread edu- 
cation and literacy, natural re- 
sources, manufacturing, transpor- 
tation, commerce, and the comforts 
and conveniences of modern life 
—from which few choose to turn 
back to more primitive days and 
ways—has largely been made pos- 
sible by the increased efficiency 
of farming, and the resulting 
release of three-fourths of the 
population from the necessity of 
producing its food and clothing, 
to utilize its time and energies in 


these other activities 
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only 3.3 per cent of the total population lived in these 
cities. At the present time more than 50 per cent of our 
people live in places of 8,000 inhabitants or more. 


During the 100-year base period referred to approxi- 
mately one-fourth of the people of this country were re- 
leased from farm labor and permitted to turn their atten- 
tion to building up the other great natural resources of 
the nation. In other words, soon after 1875, 25 per cent 
of the total population lived in places of 8,000 inhabitants 
or more. But this is not a true indication of the extent to 
which agricultural machinery had released labor from farm 
operations. At least another 25 per cent of the total popula- 
tion was also engaged in activities other than farming by 
1875. They were engaged in mining and forestry, in canal, 
road, and railroad building, and in the organization and 
development of all other forms of human effort. In other 
words, it may safely be said that during this base period, 
fully one-half of all farm labor had been released for other 
than the production of basic necessities on the farm. This 
is the same as saying that the development of tools, imple- 
ments, and machines had doubled the capacity of those on 
the farms to produce the requirements of life. Brief statis- 
tics may be cited as evidence. The number of farms in the 
United States reached 4,000,000 in the period between 1875 
and 1880, and the population of the United States reached 
50,000,000 during the same period. In other words, each 
farm provided the requirements for food, clothing, boots 
and shoes, and other leather products and all of the other 
necessities of life for an average of 12.5 people. Since the 
population per farm probably did not exceed 6.25, it is 
evident that one-half of the people, on the farms, supplied 
requirements for the entire population, in addition to ex- 
ports sufficient to purchase in foreign markets all of those 
things not produced in our own country and needed by our 
people to further develop modern America. 


TYPES OF FARM EQUIPMENT RELEASING LABOR 
FOR OTHER WORK 


First came the implements and machines for the pre- 
paration of the soil and making the seedbed, especially the 
plow and harrow. May I remind you that, at the time of 
the founding of this republic, a smithy and a farmer, 
attempting to plow a piece of sod with an iron plowshare, 
were mobbed by a community fearful lest, on the one hand, 
the contraption would poison the soil and this poison 
would spread across the countryside, and on the other hand, 
the opportunity for labor would be destroyed and great 
numbers of people would be left unemployed. 

Second in importance came the planting of grain and 
seeds. Prior to that time all of this had been done literally 
by scattering the grain and seed by hand of the operator 
as he marched up and down the field. 

Third in the series was the development of implements 
and machines for the cultivation of crops. True, the small 
grains which were broadcast, and the hay and pasture 
grasses, called for no further cultivation than the harrow or 
the dragging of piles of brush over the land to level it and 
cover the seed. But there was corn and other crops which 
called for cultivation, and human labor could only be dis- 
placed when machines were developed to supplement the 
shovel, spade, hoe, and hand rake. Disks, spring-tooth har- 
rows, and a multitude of horse-drawn and power-drawn 
special cultivators are the modern developments. 


Next we come to the harvesting of the crop, and I 
need mention only the mower, the reaper, the harvester, 
and machinery for gathering the corn, although scores of 
other special machines were gradually introduced. 


AGRICULTURAL ENGINEERING 


And finally, reference must be made to the threshing 
machine and all of the other modern devices to separate 
cereals and other products from the mature plants. 


A volume might easily be written on each of these five 
major divisions into which I have grouped the develop. 
ment of modern farm machinery. And I have not even 
mentioned the scores of special types of equipment for the 
storing and preservation of the products or for such pur. 
poses as grinding feed, milking cows, and a host of other 
jobs. 

Suffice it to say here that, from the standpoint of the 
economics of farm machinery, each step forward in each of 
these fields made possible larger production and the releas- 
ing of new large numbers of people from the production 
of raw materials, so that their time might be available to 
engage in other phases of national development. I cannot 
too much emphasize the undeniable fact that a large part 
of our magnificent growth has been made possible by these 


developments of agricultural tools, implements, and ma- 
chines. 


RECENT PROGRESS IN FARM OPERATING EFFICIENCY 


From what I have already said, it might be concluded 
by the uninformed that substantially all of the great im- 
provements were made prior to 50 or 60 years ago. | 
must, therefore, devote a few moments to passing reference 
to more recent accomplishments. But the recent period must 
be divided into two parts, the 25 years preceding the 
World War and the 25 years since 1915. 


During these last two generations, substantially as much 
has been accomplished from the standpoint of economy of 
agricultural production in the United States as during the 
previous historical period. 


Whereas, in the period 1875-80, substantially one-half 
of the total population of the United States lived on farms 
and were largely engaged in the production of the require- 
ments of this country, with only sufficient for export to pay 
for our own requirements from foreign sources, now only 
one-fourth of our total population lives on the farms of 
the nation. In other ma, 75 per cent of the total popula- 
tion are free from farm work to carry forward the other 
activities in our great national economic progress. Thus, 
from the standpoint of efficiency and unit production, agri- 
cultural output per man unit has probably at least doubled 
during this period. This is the result, not primarily of 
increased yields nor of new products, but is the result 
largely of greater efficiency and this, in turn, is largely the 
result of the development of tools, implements, and ma- 
chines for farm use. We still grow the small grains, wheat, 
oats, barley, buckwheat, and rye, not very differently than 
100 years ago, although in different areas. We still grow 
the cultivated crops like corn, cotton, and tobacco, likewise 
in very much the same way, although again in different 
areas. The marvelous change that has come about has been 
the adaptation of tools, implements, and machines to the 
use of man which, in turn, has now released 75 per cent 
of the total for other activities. 


Let me put it just one additional way. At the prescnt 
time our population considerably exceeds 130 million pco- 
ple, while our farm population is less than 32,500,000, or 
25 per cent of the total. While it is true that farm operators 
employ two million or more laborers during the year to aid 
in the carrying on of farm work, it is equally true that 
more than two million farm operators, on the average, 
secure 100 days of labor away from the home farm. Most 
of this is nonfarm labor, so that these items substantially 
cancel each other. 
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From this brief statement, it must be clear that agri- 
cultural efficiency from the standpoint of production has 
increased roughly 100 per cent in a period of 50 or 60 
vears, since we are still exporting large amounts of products 
to provide funds with which to purchase products desired 
from other parts of the world. 

Agriculturally speaking, the historical period, 1895- 
1915, was not only one of tremendous expansion in farm- 
ing, but one of magnificent improvements. These improve- 
ments may largely be traced to two things: (1) better farm 
equipment was better adapted to the special uses for which 
it was made; and (2) steadily declining prices for most of 
the important farm implements and machines at a time 
when prices of farm products were generally advancing, 
land values were increasing, and farmers in general were 
improving their standards of living. I noted first the im- 
provements and greater adaptability of farm machines to 
special farm needs. I need go no farther than to say that 
this applied not only to plows, harrows, and cultivators, 
but to seeders, drills, and planters, and likewise to mowers 
and rakes, harvesters and threshers alike. 


DECLINES IN FARM EQUIPMENT PRICES FROM 1880 TO 1915 


I must make more specific reference to the steady decline 
in prices of most important farm implements and machines 
during the period in question, the period from about 1880 
to about 1915. First of all, it is to be noted that the num- 
ber of farms increased more than 50 per cent during this 
period (from 4,008,907 in 1880 to 6,361,502 in 1910). 
This gave a tremendous impetus to the farm machinery 
manufacturers. Standardization approaching perfection was 
accomplished in many cases during these years. This made 
possible great interchangeability of parts in many cases. 
This, in turn, made possible mass production, which was 
built upon technical and scientific improvements. Efficient 
management, added to these other features made possible 
constantly decreasing price levels. 

I must now characterize the recent period from the 
standpoint of the economics of farm machinery—the 25 
years which have passed since 1915. There are perhaps 
one-half dozen significant points which must receive our 
consideration, even though I must pass by many individual 
items which may ultimately be of transcendent importance. 
First of all, the period, 1900-40, witnessed the introduc- 
tion, development, and expansion of power machinery on 
the farm. Incidentally, it also witnessed the all but com- 


Consider human existence as a 
prequisite to the development and 
realization of some higher human 
values. Then the production of 
food and other necessities of 
human life become biological 
maintenance functions. From this 
viewpoint, agricultural engineers 
have justified their existence by 
their contributions to the dispatch 
with which human maintenance 
problems can be and are cleared 
from the path of progress toward 
higher human objectives. But 
agriculture is not limited to the 
production of necessities; other 
material and energy factors influ- 
ence the direction of human 
aspirations and effort; and farmers 
have lives to live. Agricultural 
engineering is justified wherever 
and however its techniques can 
aid the realization of higher 
human values 


plete disappearance of horses and mules for work and 
pleasure purposes in urban sections. I mention this merely 
because tens of millions of acres of farm land formerly 
used for the production of corn, oats, hay, and other grains 
for forage crops to be sold as feed for livestock not on 
farms was now available for the production of wheat and 
rye, tobacco, cotton, and other crops for direct human use; 
for the production of feed crops for poultry, sheep, dairy, 
and beef cattle in order to provide livestock products both 
for domestic use and export. By 1910 there were only 
312,000 passenger cars and motor trucks registered in the 
entire United States, and certainly the number on farms 
could not have exceeded 100,000, Even these were probably 
largely suburban, so that substantially more than 6,000,000 
farms had not yet learned of automobiles, trucks, and trac- 
tors. Indeed, relatively few had even small motors to be 
used for sawing wood, grinding feed, pumping water, or 
other farm purposes. This introduction of power machinery 
was then, perhaps, of first importance as the greatest revolu- 
tionary factor in agricultural economy during the recent 
25-year period. 

Obviously, with the development of the tractor, it was 
necessary to develop all of the power-drawn farm machines, 
plows, harrows, disks, cultivators, harvesters, and the like. 
The huge threshing machines, formerly operated by tre- 
mendous straw-fed steam engines, gave way to large and 
small tractors and threshers, and, finally, the process of 


threshing and harvesting was combined into one operation 
in machines used over vast areas. 


CHANGES IN FARM EQUIPMENT PRODUCTION COST FACTORS 


I come now for a moment to costs of producing auto- 
mobiles, trucks, tractors, small engines, and the gasoline, 
rubber tires, and other accessories. If we take the prewar 
year, 1913, as the base period with which comparisons are 
to be made and designate that year with the index number 
of 100, according to the Bureau of Labor Statistics, four- 
bottom tractor plows would be indicated by the index num- 
ber 98 at the time of nearly complete agricultural recovery 
a year or two ago. Small engines, (less than 5 hp) would 
be represented by the index number 88. Milking machines 
with the index number 78; combines (harvester-thresher) 
10-ft. by an index of 75; two-plow tractors an index of 62; 
three and four-plow tractors an index of 61; automobiles 
and trucks an index of 61; gasoline an index of 38; rubber 


“aud 


x 


MS ak _— : a _ aia BS Bie Seer phe tate . ieee See aes & Z s . : 
ee ee Os 3 ee : a o ee RR ra Aa Oe au ty ents ge & ares i ; eae 
cae Cae oa Log SORA 3° ae ee pees 2S + ‘ 
Gee ee oe Pe ale 
JuLy 1940—VvOL. 21,NO.7 261 | 
a ey me i i oti " 3 
Ss oe ee on a i ‘At * > 
3 ss ¢ : ee Syn) oe é 4 7 
: : : : sie Sede Pa eNO nee sate a eS oe 
2 a ; ae eg ee a ee nt a ia ee . 
ne re eae eS ee ee ee ee | ee Se See ae 
i sole archon ean Ts aiemerath Se eer ee gulp SE an cE 
a Se 22 See eieala i ae Nr ee OE ee nee 4 A OB, 
ll Eon Nahe = haat gee . = i tbr a BE pe 
. |e SET odor “Ache IME PT TE A ar csts tgsh7ab a eat 2 
Be ie ea a rie § To eal ae pees coe ee eeaiad eeu re 
i er hy aR haga he OR a GaAs ee A (eee ee 
ae ee er re ram SR Bas ate i 
Fc. a eR RR RE a eg a OR ge ee fete 
Srey Ss ea) ht ee NR RIE Sy ee 
5 oer ies cre pina Se cease Rr ay 2) SS aie on, Some eT ee Sa 7 
ee RA tet ailing crak ARES ET 
Pee ere itera NL a oe iG aa ty She oo tees. a 
<> A Sinai. oa See he bn: PR: eo nee aoe ‘iit Saveea. Sia NS rae =. est a 
a eink a i’ Cee ices ie ater veep ae wot Pigs Sate r » m 
Ge I gaat Cet So ake Oc eatin Leone Mt oh SB he ‘ 
ia tw + eidagioia i ae Getth S Fo Eom Sees Soe Rh Pe ost ‘. S256 b= 
iM ea aN oo SRS a ge tt So ie ae vee bi. es nihil " 
Re RnR Gh, ween ca Atl callers to 1 tet op at Ween Bie 
EPR a pile ER as ee ; 
Bs, ak “BR stata, { ee. ae ee ‘| pies 2 ini 
+, MET ents eg SSN _ se ee ee CO lg RRR ene 
2S Sieeeretnn > taf Se ee Sw oe eee ee Ri WORT oe 
= ag See esr seater F es ¢ BAG ‘ . I ee al ge 
eee Sh ae Nn Seats 7 ee G = = OS 
sR SS ares yee, Yo "Og. 5 »<"3 al a tos Spee ee 
pe ae ee at a Fe el nthe hg oe ij 
+ a mE I Ta ac ee Be Oe ain, ans. ie ie 
alias at ec . © « * 7 
eee | em CS 
 . eae a le 
¥ ~~ oe 8 he ‘A Se die Bent: <b: ed en oe ee Jee peaty y 
By. fo aa a ae ae ag SR ie ty eo eS ee ati oe See 
7 : its 2, . po gl Weta Ah 5. Lee ‘ ies es S Bt he s. 4 <8 tied 
7 a aS mor eo Fe eb Sam ve J SES aera. Ee: Pe a ee ae 
ee Ce ee RE a ee 
oS ect: cece tg na a ee = Sige > Ae te Ed aE Se $m Se 
f eal Ce OG. Oe he en ee ee eee ae . -  Aae ye fae 
Re a er Se ROE TB ++ EE Sar ae, 
_— 
; 
> 
. 
a ‘ 
y 
e a 
q 
ay 
t See 
s } 
1e 
it 
nt 
O- 
or 
rs 
id 
vat 
yi 
re, a 
ost a 
Ily 
q 4 
; + 
¥ 
/ : : =. s seat ot4 ais iia aie, on ra per eee a 0 Baars * ribo s, Wi aaa seal les: ne coe 
“ ey SS es rs ESET Sap tor RU rn OR Or So BR beret Ss. op * epee eee 


tires, an index of 27 (prior to the imposition of a dozen 
excise taxes). 

I have cited enough illustrations here to indicate that 
in spite of the tremendous increase in cost of raw materials, 
a corresponding increase in taxes, an increase of an average 
of at least 150 per cent in hourly wages of wage earners in 
factories, and scores of other increases, establishments en- 
gaged in the production of this important power equipment 
for the farms of the nation have been able to absorb all of 
the increased costs, and as already noted have brought the 
price of many machines substantially below the prices dur- 
ing the prewar period of 1910-15. Of course, all of this 
was made possible through the development of science and 
technology, the increase in the market which made pos- 
sible mass production, the development of efficient manage- 
ment, and a combination of these and other factors. It is 
one of the most startling accomplishments in this or any 
other country during any period of time. Entirely aside 
from the unit price for all farm implements and machines, 
it has been found that the relative amount of farm labor 
needed to perform a given amount of work has been large- 
ly decreased because of great improvement in adaptability 
of the machinery. There is no way to measure this exactly 
by the use of index numbers, but its mention is none the 
less important. 


QUALITY VALUE FACTORS NOT SHOWN IN STATISTICS 


While on the subject, there are certain other aspects 
which call for mention. From the standpoint of statistics, 
a hoe is a hoe; a rake is a rake; a mower is a mower; a 
harvester is a harvester; in other words, a machine by a 
given name continues to be just a machine by that general 
name and description. Price statistics entirely ignore re- 
finements. An iron or steel chisel of exactly the same size 
or weight costs 130 per cent more at the present time than 
in 1913. A disk harrow and a sulky rake each costs 110 
per cent more than in 1913. A mower and a grain drill 
each costs 100 per cent more than in 1913. I might enu- 
merate other items. But from the standpoint of refinements, 
introduction of alloys and other highly-priced raw materials, 
from the standpoint of adaptability, or from the standpoint 
of longer life or durability, the machines of today differ 
substantially from their prototypes of 25 years ago. I do 
not know that it is the duty of statisticians and economists 
to prepare index numbers measuring change in character or 
quality of items. Generally speaking, they are not qualified 
to do this. If it were done, it must be done by highly 
trained, objective agricultural engineers. But certain it is 
that the statistician owes it to the farmers, to the manufac- 
turers, and their labor who are engaged in the production 
of these items, and the public in general, to call attention to 
the fact that the price statistics ignore all of these signifi- 
cant changes. 


EFFECTIVE PRODUCTION IN FARMING AND MANUFACTUR- 
ING MEANS MORE GOODS PER CAPITA 


You who are in the U. S. Department of Agriculture 
or other government departments or in the state colleges 
and experiment stations, owe it as a public duty to explain 
points like these to the agricultural people with whom you 
come in contact and to the public in general, in order that 
they may be fully and honestly informed and so that they 
may not be led into making statements which are half- 
truths or downright false statements. 

I have already directed your attention to the fact that in 
.the short space of time since the formation of our govern- 
ment, the farm family has been able to not merely feed, 
clothe, and otherwise provide for the group living upon the 
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farm, but now one-fourth of the population living upoa 
the land is able to provide all of the requirements for ai! 
of the people, and, in addition, large quantities for expor:, 
and finally large quantities as industrial raw materials. | 
must add here that this fourfold increase in agriculture’s 
contribution to the national welfare can be properly credited 
very largely to the development of tools, implements, and 
machines for farm use. 

This is only part of the accomplishment because now 
all of our people have vastly more per capita than was pos- 
sible in the early days. It is not so long ago that the average 
farmer or working family had little more than bread and 
butter, meat, and potatoes. They had relatively little to 
choose from in the way of clothing and leather products. 
They had relatively few of the other conveniences, com- 
forts, and luxuries of life. Now they generally have sele:- 
tion from a wide range of poultry, dairy, and livestoc< 
products. They have a wide range of selection of cere.! 
foods, and an equally wide range of selection of fruits and 
vegetables, both in season and out of season; and I must 
add that they have an equally wide range when it comes to 
clothing and other textile products, and the products of 
leather, etc. In other words, if index numbers could be 
formulated to measure the real progress of agriculture and 
the real contribution to the national welfare, the increase 
would not be merely 300 or 400 per cent, but would be 
more nearly 600 per cent in the measurement of real liv 
ing standards. 


CRITICISMS PROVEN UNFOUNDED 


No matter what the accomplishments of agricultural 
engineers, manufacturers of farm implements, or others, 
there are bound to be cynics and critics. While many of 
their statements fall within the realm of agricultural eco- 
nomics, and might very well be touched upon here, I shall 
not take your time to dwell upon these unpleasant aspects 
of the subject more than to mention two or three illustra- 
tions in order to show how unreasonable and how untrue 
they frequently are. There are those who say that “farm 
machinery manufacturers, entrenched behind high taritf 
walls, are chiefly engaged in the business of exploiting the 
poor, unhappy farmer.’’ It is enough here to merely state 
that, farm machinery for over 25 years has been on the free 
list. In other words, farm machinery manufacturers are not 
protected by tariffs. They have ied the world. They do 
not need protection and have never asked for it. Certainly, 
from this angle, there is no excuse for pretending that they 
are either protecting or exploiting anybody. Indeed, so 
greatly do our manufacturers excel those of practically all 
parts of the world that we have a tremendous export mar- 
ket for farm machinery. This leads to the second point, 
that ‘“‘manufacturers in this country systematically over a 
long period of years have sold and continue to sell farm 
machinery in foreign countries at prices far below prices 
charged farmers in the United States.” This is equally /al- 
lacious, but I will let a series of reports made by the 1a- 
tional government answer this statement. The national 
government has made several investigations and publisled 
reports stating definitely and clearly that American manu- 
facturers do not sell farm machinery in foreign countries 
at prices lower than those charged farmers in this county. 
When these charges are dispelled, the promoters of untru‘hs 
proceed with other equally groundless and false statements. 
One is that “‘all of the producers are combined into a great 
monopoly, having as their one purpose the making of huge 
profits by placing prices at excessively high levels and thus, 
exploiting the purchasers.’ Here again, it is enough to say 
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that the state and national governments all have adequate 
laws for investigation, prosecution, and supervision wher- 
ever anything in the nature of a trust or monopoly exists. 
And they have not failed to make the necessary investiga- 
tions. But we may turn for more detailed information to 
the reports of the Secretary of the Treasury. Income taxes 
on corporations are collected year after year, and every com- 
pany in the United States is required to furnish detailed 
facts with reference to net profits. There is no evidence 
here that even reasonable profits have been made. Indeed, 
juring depression years, it is fair to say that manufacturers 
of farm machinery have suffered as grievously as the farm- 
ors themselves, and have made only moderate profits dur- 
ing average years. 

You would not want me to conclude without making 
ot least passing reference to the opportunities for the future. 
| have sketched hastily the story of developments over vari- 
sus periods of time, but space does not permit an attempt 
‘o delve into the period ahead of us. I will only say this, 
:. my judgment the opportunities ahead are equal to all 
of those behind us. And that applies to the task of the 
.gricultural engineer as well as the manufacturer of imple- 
ments and machinery and the farmer. Permit me to give 
vou one or two illustrations to bring this observation to a 
inore definite point. 


some of our new specialists in the educative process, I state 
my belief that during the formal educational period it would 
be profitable to pay less attention to the pursuit of the tech- 
nical and more to what may be called the simple fundamen- 
tal. For example, the ability to talk well and forcefully in 
public is an invaluable asset to every engineer; yet how 
seldom has he been given training in this very thing! Na- 
turally, not every agricultural engineer can be transformed 
into a Demosthenes by a semester in public speaking, but 
such a course certainly would help to train him to think 
while on his feet and to say clearly what he thought. Like- 
wise, no engineer ever evades the need for writing well; and 
every engineer should be made to learn that very thing, even 
though he may never become a complete master of literary 
style. How powerful a support to a leader is the ability 
to write and speak well! If I had my way, I would make 
such an ability a fundamental requirement in every agricul- 
tural engineering curriculum. 

Perhaps there is a correlation between high academic 
attainment and subsequent success in life; I believe there 
is data that demonstrates such a correlation. However, I 
can draw from my own observation and contacts enough 
instances to prove to my own satisfaction that even though 
a student doesn’t win the highest scholastic honors, he still 
has practically as good a chance as anyone to become a real 
leader. To such individuals 1 would extend the strongest 
encouragement to study and train for leadership, for often 
the training they get in overcoming obstacles is the finest 
kind of training for leadership. 

I hope that by this time I have proved the point that I 
set out to make: Leadership can be developed. It is fair 
to ask now, how can it be developed? Let me make my 
Suggestions in several different directions; first, to students 
in agricultural engineering; second, to teachers of agricul- 
tural engineering students; third, to organizations into 
which these students enter for subsequent training. 

To students I would say, keep out of ruts; climb the 
heights; know what you are doing; keep well and strong; 
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I have no doubt but that in the years to come the 
farmers of this country will produce millions of acres of 
flax and hemp for the fiber, so that the people of this 
country may have all of the textiles which they may desire 
made from linen and hemp. It would not surprise me if 
this country should again lead the world, as it did at one 
time, in the production of linen and hemp, as it has in 
many aspects of the cotton and woolen industries. What I 
have said with reference to fibers applies equally to a wide 
range of vegetable oils and fats. The same applies to other 
large groups such as starches. Perhaps equally important 
will be special plants now developed only slightly in this 
country. 

One of the problems of the agricultural engineer is to 
lead the way. You must not sit back and wait for the 
farmers to first produce the article before you start planning 
machines for preparation of the soil, for planting the seed, 
for cultivation of the plant, for harvesting, and for the 
final separation of the valuable parts from the trash. You 
have before you one of the most thrilling departments of 
human advancement. You and your predecessors have con- 
tributed more largely than you realize to the greatness of 
this nation and prosperity of the world. I wish you every 


possible success in continuing the great work which you 
have been doing. 


apply yourselves diligently; look for opportunities and 
seize them; develop a broad outlook; become well-posted 
generally; learn to think clearly, to write well, to speak 
forcefully. Don’t develop egotism, but don’t hesitate to 
assert yourself when occasion requires. It may be all right 
to blow your own horn, for no one will blow it for you; 
but remember also that the blower is always on the small 
end of the horn, so be discreet. 

To the teachers who have so much to do with the 
training of our future leaders, give your students the best 
balanced training you possibly can. Keep behind them most 
of the time; make “push” your policy, but “pull” when 
they get into a hole. They look to you for inspiration; try 
not to disappoint them. Don’t cram them with useless 
information; teach them to think and to acquire desirable 
knowledge themselves. You have a priceless privilege in 
being entrusted with the responsibility of developing good 
citizens and good leaders—give them your best. 

My last suggestions are to the employers of these young 
agricultural engineers. Don’t expect too much of them in 
the beginning. Give them a chance to settle down and 
find themselves. Watch them closely, give them the guid- 
ance they need, but let them develop their own initiative. 
When you can, give them real responsibility; don’t be 
afraid of giving them too much, for they thrive under it. 
Moreover, you may be surprised at the capacity which they 
may exhibit. Responsibility is the best basis for self- 
confidence and reliability, and one of the best aids to the 
development of the kind of leadership that we have been 
talking about. 

As I view the field of agricultural engineering, I see 
unlimited opportunity for those who enter it properly pre- 
pared for leadership. A fair analysis of the future of agri- 
culture will reveal most surely that the positions of greatest 
influence, power, and usefulness can be occupied by agri- 
cultural engineers. The field is not merely for agricultural 
engineers, but for /eaders, so I say let there be real training 
for aggressive leadership. 
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Complete Electrification in Relation 


to Farm Income 
By H. N. Stapleton 


MEMBER A.S.A.E. 


T IS just as easy to show that some one individual farm 
can use 5000 kw-hr a month as that some other farm 
may not be able to use 50 kw-hr a month profitably. 

If profit results, it will be due to intelligence and manage- 
ment, not the mere fact that electricity was available, nor 
yet that the meter marked the month by moving over one 
mark on the right-hand dial. 

Can complete electrification of farms make a contribu- 
tion to larger farm income? The answer is Yes, qualified 
however by what is understood by “complete electrification” 
of “average” Vermont farms, and also qualified by who 
does the electrifying, the average farmer himself or some- 
one else. 

In the first place, a large part of the farms using elec- 
tricity are not average farms. They are distinctly individual 
in their operation, and their requirements do not have much 
in common with this average Vermont farm. 

Complete electrification is likewise an individual and 
not an average condition. Presumably the equipment used 
in the farm home will be within the family’s ability to sup- 
port the standard of living that comes with it, just as is the 
rest of the home. And since tastes and management ability 
are individual so far as their application is concerned, it 
seems reasonable to suppose that the “per cent saturation” 
will depend upon a few other things than whether elec- 
tricity is free or merely low-priced as it is at the present. 
Complete electrification may be said to be possible, but 
hardly probable, if you are too exacting in your definition 
of “complete”’. 


MEASURES OF FARM INCOME 


Larger farm income may be measured as either gross 
or net. And net income may be measured in cash or in 
better living. If total production is not expanded, then 
electrification must have improved the quality of product 
or reduced production costs. If production is expanded, 
then electrification must receive credit for releasing the time 
from other work or for taking over the new job under 
automatic control. Things that affect gross profit may or 
may not affect the net profit. And is the contribution to 
be in cash or in better living, conveniences, and relief from 
drudgery? You may have either or both of these effects 
from farm use of electricity and the odds are in favor of 
electrification, but results cannot be guaranteed. 

All this brings us to the main obstacle to the ‘‘complete”’ 
electrification of any farm. There are not enough practical 


-ways to use electricity profitably, in spite of the fact that 


there are now over 300 ways in anybody's list. Further- 
more, there are few farms on which the operator has the 
knowledge to profitably utilize more than 10 per cent of 
these uses. 

It is probably safe to say that until electrical living 
becomes as popular as the motor car, there will be a lot of 


An abridgment of a paper presented at a conference of the 
Commission for the study of Water Resources and Electrical 
Energy of the State of Vermont, at Montpelier, May 21, 1940. 
The author is agricultural engineer with the Green Mountain 
Power Company and operates a farm of his own. 


jobs go unelectrified. Who does the electrifying nobody 
cares, but until more brains can be brought to bear on these 
problems, don’t look for any substantial increase in the 
present rate of progress. This is not a criticism of any 
person or any group. It is merely one of the sides of the 
whole problem. 

I feel it is safe to say that, if every farm customer wer: 
to increase his number of circuits and wire size to what his 
load indicates he needs, he could reduce his electric bil! 
from 8 to 15 per cent. At the same time he would improve 
the operation of his equipment, reduce the probability of 
motor burnouts, even though these motors did not have 
proper protection, and would decrease materially the danger 
of fire that always exists with overloaded wiring. In most 
cases, $30 to $50 would renovate 6 to 15-year-old farm 
wiring to practically new condition, but all an outsider can 
do is to explain the advantages of plenty of copper, plenty 
of circuits, and plenty of outlets. 

Interest in food refrigeration as an item that reduces 
farm cash costs in feeding farm help as well as in providing 
family living has already fostered a lot of interest in locker 
storage. Farmers who use lockers have already made attempts 
to provide the same kind of storage at home so that they are 
not inconvenienced by having to make a trip to the locker 
plant, or at least will have some frozen storage at home. 

In the home as well as on the farm, adequate light 
allows the work to be done better and more quickly. Ever 
since I saw a farm hand do a skippy job of sweeping the 
litter alley at the end away from the one light bulb, while 
he swept clean at the lighted end of the alley, I have spoken 
of it where farm lighting was concerned. In the farm home 
the manager isn’t going to do much required reading and 
record keeping if he gets drowsy because of eye-strain with- 
in ten minutes after he sits down to that kind of work. 


EXTENSIVE USE REQUIRED TO JUSTIFY HIGH 
EQUIPMENT INVESTMENT 

There are numerous examples of equipment that has 
been made to fit the job profitably on individual farms. 
There are also some that may not fit quite so well. 

There may be some perfectly good piece of equipment 
that you have to figure on for some time. The usual use 
of a 5-hp motor is one of these electrical applications briny- 
ing with it a kind of questionable economics. If there 
is already a tractor on the place that could do the belt 
jobs, wood sawing and silo filling, the tractor will-only set 
idle while the motor works. For two week's work a year, 
probably an old auto engine power unit might use all of 
$10 worth of fuel, if you didn’t have the tractor. There 
might be a neighbor who had a tractor he would be glad 
to have do those belt jobs, for a little cash or work ex- 
changed. The motor brings with it the wiring cost, $225 
for the motor and control mounted on a truck, and the 
power it will use. Convenient? Yes. But outside tht, 
probably a questionable use. 

Now suppose that the farm setup can be changed a 
little bit and this motor can hoist the hay and cure it in 
the barn, and the rest of the (Continued on page 274) 
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Reactions of Animals to Environmental Temperature, 


Humidity, and Air Movement 
By Samuel Brody 


HERE are two aspects to air-conditioning and venti- 
lation problems, namely, (1) physiologic, concerned 
with responses and adaptation of animals to their 
environment, and (2) engineering, concerned with adapta- 
tion of the environment to the animal. Our present know!- 
edge of the engineering aspect is far ahead of our knowl- 
edge of the physiologic aspect. It is therefore timely for 


engineers to meet for discussion of the physiologic aspects 
of the problem. 


The following summary of basic facts relating to the 
reactions of animals to their environment may serve as an 
introduction to this discussion: 


1 There is a minimum energy cost to being alive 
which is measured by heat production or heat dissipation, 
which is called “basal metabolism”. In addition to this 
basal metabolism there are heat-production increases going 
under the names of ‘‘supermetabolism’” or ‘heat increments” 
above the basal level. Thus the heat increment of feeding 
may double the heat production (Fig. 7); heat increment 
of muscular work in horses may increase heat production ten 
times (and for very short intervals up to one hundred 
times) that of the basal metabolism (Fig. 8). All produc- 
tive processes, such as milk or egg production, have heat 
increments, partly because they are associated with increased 
feed consumption, and partly because there may be an 
energy expense to ‘‘making”’ the milk, eggs, and so on from 
their precursors. 


2 The heat produced must be dissipated at such a rate 
as to keep the body temperature constant. In nonliving sys- 
tems, the rate of heat flow from a body to its environment 
is directly proportional to its temperature gradient (New- 
ton’s law of cooling). Warm-blooded animals maintain 
constant body temperature at different environmental tem- 


peratures by various thermoregulatory devices discussed in 
the text. 


3 Thermoneutrality is an environmental temperature 
at which the animal does not have to employ any of its 
thermoregulatory devices to keep its body temperature con- 
stant. This is because the environmental temperature is per- 
fectly adjusted to keep the body temperature at its normal 


Presented before the Farm Structures Division at the annual 
meeting of the American Society of Agricultural Engineers at St. 
Paul, Minn., June 21, 1939. Paper No. 191 in the Herman Frasch 
Foundation series, and No. 615 in the Missouri Agricultural Ex- 
periment Station journal series. Abridged. The author is professor 
of dairy husbandry, University of Missouri. 


level without thermoregulatory devices. At thermoneutrality 
the animal feels neither hot nor cold. Thermoneutrality 
is a temperature zone close to the engineer's comfort zone. 
Its upper limit is about 85F (degrees Fahrenheit). Heat 
production is minimum at thermoneutrality (Figs. 5 and 6). 

4 At temperatures below thermoneutrality the animal 
keeps warm first by physical methods, not involving increase 
in heat production, then, as the temperature declines, by 
chemical methods involving increased heat production. 
Most farm animals can withstand low temperatures with- 
out discomfort and without much energy expense for keep- 
ing warm, because (1) under outdoor conditions of life 
they develop excellent insulation against cold in the form 
of hair, wool, or subcutaneous fat, and (2) their winter 
feeds have very high heat increments of feeding. 


5 At temperatures below thermoneutrality, heat dissi- 
pation is mostly (up to about 70 per cent) by radiation of 
infrared waves. The remainder of the body heat is dissi- 
pated by convection-conduction (10 to 30 per cent, depend- 
ing on air movement and conductance of environment), 
and by water vaporization (20 to 28 per cent), from lungs 
and skin, not involving vaporization of sweat. Humidity 
of the environment is not an important factor in heat dissi- 
pation at the lower temperatures. 


6 At temperatures above thermoneutrality (above about 
85F) the burden of heat dissipation is rapidly shifted from 
radiation and convection to vaporization (Figs. 1 and 3). 
When the environmental temperature reaches or exceeds the 
level of skin temperature (about 95F), all the heat is dis- 
sipated by vaporization; and when the environmental tem- 
perature rises still higher, vaporization dissipates not only 
the heat produced by the body, but also the heat absorbed 
by the body from the hot environment (Fig. 2). 

7 The reaction of animals to a hot environment de- 
pends mainly on their ability to sweat, and on the condi- 
tions which affect vaporization, namely, humidity and air 
movement. However, hot air movement is helpful only to 
sweating animals. Animals with dry skins are injured 
rather than benefitted by fanning, because the high environ- 
mental atmosphere is driven against the cooler skin, thus 
heating, instead of cooling, the animal. Fanning does not 
help vaporization from the lungs because the lungs act 
as their own fans. Nonsweating animals may be kept cool 
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Fig. 1 (Left) Relative influence of environmental temperature on skin temperature and on the heat loss by vaporization, expressed as 
percentage of heat production. Fig. 2 (Center) Influence of relative humidity on percentage of heat dissipation by vaporization at 28C. 
Fig. 3 (Right) Influence of environmental temperature on the percentage of heat loss by radiation, convection, and vaporization 
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Fig.4 (Left) Relative influence 
of environmental temperature on 
pulse rate and rectal temperature 
in man and cow. Influence of 
environmental temperature on skin 
temperature of man, and respira- 
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tion rate of cow. Fig.5 (Right) 
Influence of environmental tem- 


perature on heat production of 
resting animals in postabsorptive 
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condition. Influence of environ- 
mental temperature on heat pro- 
duction on rats acclimatized to dif- 
ferent environmental temperatures 


by keeping their skin moist and fanning them only when the 
skin is moist. Sweating animals may be kept cool by fan- 
ning and, if possible, dehumidification. A prime factor in 
keeping cool in all cases is to reduce the heat increments of 
muscular exercise and of feeding in the heat of the day. 
The importance of sweating and of keeping the skin moist 
for keeping cool is indicated by the fact that, in sweating 
animals, from 40 to 95 per cent of the vaporization is from 
the skin. Nonsweating animals resort to panting in hot 
weather in order to increase vaporization rate. 


Keeping Cool in Hot Weather. There is only one 
method for keeping cool in a hot environment, namely, by 
vaporization of water from lungs and skin. For every quart 
ot water vaporized from the body, about 600 Cal or about 
2400 Btu, of heat are dissipated. The amount of vaporiza- 
tion from an animal depends on its ability to perspire, and 
on the dryness of the air. Speed of movement of the air, 
as produced by fanning, also facilitates vaporization from 
animals that !ose water from the skin, but does not appre- 
ciably facilitate vaporization from the lung, because the 
luny acts as its own fan. In sweating species, such as man, 
about two-thirds of the total vaporization is from the skin, 
and about one-third from the lung. In nonsweating species, 
most of the vaporization is from the lungs. 

The engineering problem of keeping animals cool in 
hot weather is quite different for sweating than for non- 
sweating animals. A good fan may keep a sweating animal 
comfortable. But a fan will do little good to keep a sheep, 
cow, or dog cool, because it will not greatly facilitate va- 
porization from the skin. Nonsweating animals, such as 
cattle, could probably be cooled by vaporization as well as 
sweating animals, by keeping them moist by sponging or 
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covering with a wet blanket, and fanning. It is suggested 
that facilities for this manner of cooling be extended to 
high-producing dairy cows that are particularly in need of 
cooling because of the high heating value of their feed. 


Fig. 4, prepared on an arithlog grid from data by Hardy 
and Du Bois** and from Regan and Richardson‘, shows the 
relative influence of environmental temperature on a sweat- 
ing species, nude man, and a nonsweating species, dairy cow. 


It seemed instructive to fit equations to the data. The 
equation for the increase of respiration rate with increasing 
environmental temperature in Regan’s cows shows that for 
an environmental temperature increase of 1C, the respira- 
tion rate increased by 7.1 per cent; or for a 10C increase, 
the respiration rate increased by 71 per cent on the instan- 
taneous-rate basis, or near 100 per cent on the finite-rate 
basis. In other words, the respiration rate of the dairy cow 
is doubled by increasing the environmental temperature by 
10C or 18F. This is conventionally represented by the 
equation Q,, = 2, and when Q,, = 2 to 3, it is known as 
the Van’t Hoff law for the influence of temperature on the 
speed of chemical reactions. It is difficult to say whether the 
applicability of the Van't Hoff or the Arrhenius equation 
(in which equation # = 12,000 to 13,000) to the change 
in respiration rate with increasing environmental tempera- 
ture is a fortuitous coincidence, or whether it has ulterior 
biochemical significance. From a priori considerations one 
would expect that the Van’t Hoff - Arrhenius equations 
might apply to the relation between respiration rate and 
body (rectal) temperature, and not environmental tempera- 


*Superscript figures refer to literature cited at the end of this 
paper. 
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FIG. 8 THE RISE OF HEAT PRODUCTION IN A LARGE HORSE AND 
SMALL PONY WITH INCREASING RATE OF WORK 


ture. Fig. 4 also shows important differences in the influ- 
ence of environmental temperature on pulse rate in sweat- 
ing man and nonsweating cow. 


Overheating in Hot Weather. An animal is said to be 
overheated in hot weather when its rectal temperature and 
pulse rate rise above their normal levels. Such rise is often 
followed, especially in the aged, by collapse, variously re- 
ferred to as heat exhaustion, heat stroke, and sun stroke. 
The collapse may be due to the high temperature as such, 
but more often it is the result of circulatory failure®.®, partly 
as a consequence of the strain imposed on the heart of 
sweating animals by the necessity of more rapid circulation 
of the diminished blood available for the heart. 

Another type of hot-weather disability which occurs in 
sweating animals in a dry environment is heat cramp. The 
outstanding symptom of heat cramp is disabling pain in the 
muscles, including the heart muscle. This disability is the 
result of excessive loss of salt in the sweat. The serum 
chlorides are reduced from 2 per cent in the mild cases to 
10 per cent in severe cases®. Loss of salt is necessarily asso- 
ciated with loss of water, otherwise the osmotic pressure 
would change. Farm animals that have access to salt prob- 
ably never develop heat cramps because, unlike humans, 
animals develop a salt craving and consequently satisfy the 
salt need. 

Keeping Warm in Cold Weather. Unlike protection 
against heat, protection against cold is not influenced im- 
portantly by humidity, because heat dissipation in cold 
weather is mostly by radiation and convection, and but 
slightly by vaporization (Fig. 3), although below 45F, 
humid air feels colder than dry air because the conductivity 
of the clothing is increased. The body has more defenses 
against injurious effects of cold than of hot environments. 

If the temperature is gradually lowered, as occurs in 
nature with change in season, the animal reacts to the 
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change by developing various types of insulating coatings, 
such as wool, mohair, feathers, bristles, or subcutaneous fat, 
which are, incidentally, also important agricultural products. 
Certain behavior patterns are adapted to preserve body heat, 
such as curling up, covering up, seeking shelter, seeking 
sunlight, huddling together (so-called social temperature 
regulation’) . 

When the temperature decline is rapid, nervous mecha- 
nisms are called upon, such as those involved in contracting 
the surface blood vessels, thus removing the blood from 
the surface and protecting it from cooling. 

If the above physical methods of thermoregulation are 
not adequate for maintenance of normal body temperature, 
then chemical mechanisms are employed, namely, increased 
heat production due to tensing of muscles, shivering, in- 
creased voluntary exercise, and also increased production of 
metabolic hormones, particularly adrenalin® for more rapid 
environmental changes, and thyroxin'® for slower environ- 
mental changes. 

Ease of keeping warm in a cold environment depends 
on several other factors, of which body size is one. It 
seems that since heat loss is by way of the surface area, 
and since the ratio of surface area to body weight decreases 
with increasing size of animals, the larger the animal, other 
conditions being the same, the less heat it loses in com- 
parison to its weight, and the easier it can keep warm in a 
cold environment. The influence of body size on heat pro- 
duction at different temperatures is illustrated by Fig. 5. 

For any particular animal, the thermoneutrality zone will 
obviously depend on season (that is, temperature to which 
the animal is acclimatized), humidity, air movement, and 
other factors such as species, age, sex, state of nutrition, 
state of health, and so on. 

As the environmental temperature is lowered or raised 
on each side of this zone of thermoneutrality, the heat pro- 
duction is increased. Increase in heat production, especially 
with the decrease in environmental temperature, is, on the 
average, more rapid in small than large animals. Note from 
the inset in Fig. 5, also that if the animal is adapted to live 
at a low temperature, it produces more heat at any tempera- 
ture than if it is adapted to live at a higher temperature. It 
takes time to change the organic thermostat from one to 
another heat-producing level''. 


Diagrammatic Summary of Thermoregulation. What 
happens if the environmental temperature continues to in- 
crease or to decrease? Obviously, sooner or later, the envir- 
onmental temperature will become too cold or too hot for 
the animal to survive and it will collapse. 

Fig. 6 illustrates in diagrammatic manner how the situa- 
tion works out. There is a zone of thermoneutrality between 
the environmental temperatures B’ and B, with the theore- 
tical point of thermoneutrality at temperature A. If there 
is any thermoregulation between B’ and B, it is physical, 
that is, the change in heat production (chemical tempera- 
ture regulation) is inappreciable. The body temperature 
remains nearly constant between the environmental tem- 
peratures C and B’; declines when the environmental tem- 
perature is lowered from C to E’; and rises when the en- 
vironmental temperature rises from B to E. 

It is instructive to observe that the environmental tem- 
perature range A to E’ (thermoneutrality to fatal cold) is 
very much wider than temperature range A to E (thermo- 
neutrality to fatal heat) ; that is, the adaptive powers to cold 
are very much greater than to heat. This is of course par- 
ticularly true of the nonsweating, furry, relatively large 
animals such as sheep, cattle, and dogs. Practically, this 
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means that it is not so difficult or important to protect an 
animal from cold as from heat. 

As previously noted, the temperature regulation in the 
comfort zone BB’ is by physical methods, the change in 
heat production being inappreciable. Beyond BB’ there is 
increased heat production with decreasing or increasing 
environmental temperature. However, there is a radical 
difference in the causative mechanisms for the rise in heat 
production with declining and rising environmental tem- 
perature. The rise in heat production between B’ and D 
(decline in environmental temperature) is biologically de- 
sirable—is indeed a physiologic adaptation in order to main- 
tain the body temperature constant; while the rise in heat 
production between B and E is biologically harmful, taking 
place in spite of its harmful effect, as a physico-chemical 
necessity (as defined by the law of Van't Hoff, according 
to which the speed of chemical transformation is doubled 
for a temperature increase of 10C). 

Thermal adaptability of an animal is measured by the 
ratio of maximum (summit metabolism) heat production 
of Giaja'® at environmental temperature D in Fig. 6 to 
basal heat production at environmental temperature A. 

There are great species differences in the ratio, summit 
metabolism to basal metabolism. There are also great age 
differences in this ratio. There is no need for adaptability 
before birth because this is taken care of by the mother. 
Following birth the adaptability is gradually developed 
with the assistance of the mother, who tides over periods 
of chilly spells. Birth or hatching normally occur during 
seasons of the year when the environmental temperature is 
optimal for survival of young. When hatching or birth is 
adjusted to occur at some other season of the year, the 
breeder has the problem of supplying artificial heat, as for 
example, for brooding chicks. 

There is a steady decrease in the temperature range in 
which animals can survive (that is, in the ratio of summit 
to basal metabolism) following the prime of life. It has 
been long known" that heat production (basal metabolism) 
decreases with aging. Lessened adaptability to heat is prob- 
ably due to degenerative changes in the skin, with its sweat 
and sebaceous glands and other cooling mechanisms, and 
to sclerosis of surface blood vessels. 


HEAT INCREMENTS OF FEEDING AND WORKING 
IN THERMOREGULATION 


All productive processes, such as milk and egg produc- 
tion, necessarily involve extra feed consumption, and there- 
fore all productive processes necessarily have heat incre- 
ments of feeding (Fig.7) in addition to possible heat 
increments of “‘making’’ milk, egg, meat, etc. Even mere 
maintenance feeding involves extra heat production. Highly 
unbalanced feeds, such as straw or poor hay, have particular- 
ly high heat increments of feeding. They are therefore use- 
ful for wintering animals, to keep them warm, although of 
course such feeds are useless for productive purposes. 

The above discussion makes it evident that large farm 
animals with access to plenty of feed are not likely to suffer 
from winter cold in most localities of this country. Heat 
increments of feeding and working (Fig. 8) should be 
reduced in the summer by avoiding unbalanced rations and 
physical exertion in the heat of the day. 


Influence of Body Size on Heat Production. A 200-lb 
animal produces not twice as much heat as a 100-lb animal, 
but only about one and two-thirds times as much. This is 
illustrated in Fig.9 for animals under basal conditions. 
Under normal maintenance conditions the heat production 
may be 50 per cent above the basal level, depending of 
course on the activity level under the basal conditions. 
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Under productive conditions, such as lactation, gestation, 
growth, muscular work, the heat production is still greater, 
depending on the level of productivity and feed consump- 
tion as previously explained. The important idea is that 
the heat production, no matter on what level, is not directly 
proportional to body weight, but to about the 0.73 power of 
body weight. 
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Techniques of Hydrologic Research 


By H. S. Riesbol 


MEMBER A.S.A.E. 


XISTING techniques utilized in hydrologic research 
have developed from needs by various professions 
for specific information concerning the processes of 

hydrology. The agricultural engineering branch of the engi- 
neering profession, through its work in irrigation, drainage, 
flood control, farm water supply, soil conservation, and 
crop production, requires a variety of information which 
includes nearly every ramification of the science of hy- 
drology. In the present status of the science, techniques are 
not available for accurate quantitative analysis of all its 
processes. It is therefore necessary for the practicing engi- 
neer to become familiar with the basic techniques now ap- 
plied in research, if he is to utilize the products of research 
in a successful and intelligent manner. I do not intend, in 
this paper, to describe and define all the available tech- 
niques of direct measurement and mathematical analysis, but 
rather to discuss procedures which promise results of imme- 
diate value to the agricultural engineer. 

The expansion and refinement of existing techniques 
and development of new procedures, as needed to establish 
the basic dynamic relationships between biotic factors and 
activity and the hydrologic processes, are attracting the at- 
tention and efforts of many workers in the field of hydro- 
logic research. Such techniques will supplant and supple- 
ment those suited particularly to the evaluation of net hy- 
drologic results. These have developed in the past as the 
result of urgent need for hydrologic data which could be 
applied immediately in engineering design on an empirical 
basis without waiting for the discovery and confirmation of 
basic laws and relationships. 

An example of this is offered by the study of intercep- 
tion, in which most of the early investigators sought merely 
to evaluate the total quantitative catch of precipitation by 
plant canopies, whereas present workers are more interested 
in dynamic effect resulting from changes in rate of move- 


Presented before the Soil and Water Conservation Division at 
the fall meeting of the American Society of Agricultural Engineers, 
at Chicago, IIl., December 7, 1939. The author is associate hydrau- 
lic engineer, Soil Conservation Service, U. S. Department of Agri- 
culture, and chairman of the A.S.A.E. Committee on Hydrology. 


ment, impact of fall, drop size, and other related characteris- 
tics as caused by the physical properties of the plant canopy. 


This desire to interpret the effect of biotic influences 
upon hydrologic processes through refined and improved 
techniques has resulted in the need for and development of 
instruments capable of continuous and accurate recording 
of various hydrologic phenomena. Records from such in- 
struments, when secured on an open scale and with a high 
degree of synchronization between the various instruments, 
must be subjected to careful and detailed application of 
mathematical and statistical techniques to fully interpret the 
rate-time or accumulated volume-time relationship expressed 
by the particular graph. 


For the purpose of this discussion a familiar grouping 
of the processes of hydrology is taken as follows: (1) Pre- 
cipitation, (2) interception, (3) surface storage, (4) run- 
off, (5) infiltration, (6) storage of soil water, (7) percola- 
tion, (8) storage of ground water, (9) evaporation, and 
(10) transpiration. It is assumed that every engineer is 
familiar with the general interpretations of these terms and 
that his requirements for data and information will be con- 
trolled by the type of work peculiar to his particular profes- 
sional division. The techniques of hydrologic research, re- 
gardless of the professional application which is to be made, 
have developed around the measurement and correlation of 
these processes. 


The measurement of precipitation in any form is essen- 
tially a technique of securing representative samples with 
sufficient replication to insure reasonable limit of error. 
For the free-falling forms of rain, snow, hail, and sleet, 
such methods are well established, although admittedly 
subject to improvements. Considerable study has been di- 
rected toward determining the proper distribution of rain 
and snow gages, both recording and nonrecording. In this 
connection the intensive application of isohyetal maps to 
rather large areas covered by a close network of recording 
gages has permitted Thornthwaite’* to secure valuable in- 


*Superscript figures refer to literature cited at the end of Mr. 
Riesbol’s paper. 


EQUIPMENT FOR GETTING HYDROLOGIC DATA ON SMALL AREAS 


(Left) Surface view of one battery of watercycle lysimeters on a 14 per cent slope, Muskingum soil at the North Appalachian Experi- 

mental Watershed. The administration building, soils laboratory, and engineering building of the project headquarters may be seen in 

the background. (Right) Type-H measuring flume with recorder silt box and Ramser silt sampler for measuring rate and amount of run- 
off and total soil loss from a small watershed located on the North Appalachian Experimental Watershed project 
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formation concerning the distribution of precipitation and 
of storm morphology over an area. When such maps are 
prepared in sequence for comparatively short time intervals, 
they provide a time-area-depth relation from which the 
source of water available for surface runoff may be deter- 
mined. This latter usage is parallel to the familiar Thies- 
sen method for giving each precipitation gage areal signifi- 
cance through geometrically established influence areas. 

Wilm and others? have utilized the isohyetal map plus 
computed least squares interactions to estimate the desir- 
able spacing of gages for a given degree of accuracy of 
catch on a depth-area basis. Their study was also extended 
to estimate the effects of aspect and slope. Information of 
this type is needed in all parts of the country to establish a 
sound basic technique for the location and spacing of pre- 
cipitation gages. 

The best exposure, enclosure, and most satisfactory 
shield or other artificial draft protection for the individual 
gage have long been the objectives of intensive research by 
both American and foreign investigators as summarized by 
Brooks?. Many workers agree that establishment of stan- 
dard shields or enclosures and of a technique for correcting 
records from gages not so equipped is needed for gages 
located in exposed areas subject to strong wind action or 
to updrafts. 

Improved recording rain and snow gages which may be 
read to the nearest minute of time have made possible the 
determination of rainfall intensities for short time intervals. 
Intensity-frequency curves established from these data are 
of vital importance to the agricultural engineer in his de- 
sign of hydraulic structures. 

Precipitation due to condensed moisture as fog, dew, or 
frost probably occurs in appreciable amount, but satisfac- 
tory methods of measurement have not been developed. 
Estimates of this type of precipitation have been attempt- 
ed through potometers and weighing lysimeters, but the 
methods are still in the experimental stage. A technique 
for these studies should be particularly sensitive to the 
influence of various vegetative types. 


EFFECTS OF INTERCEPTION OF PRECIPITATION 


The interception of precipitation by foliage, twigs, and 
branches of trees, shrubs, and other vegetation is a direct 
subtraction from precipitation reaching the ground surface. 
It causes radical change in drop size, impact, and other 
physical characteristics of ground rainfall. The most com- 
mon technique utilized in the measurement of interception 
is to obtain a dependable sample of the precipitation over 
the vegetative canopy and another under the canopy, at the 
same time measuring stream flow, so that the net difference 
may be charged to interception. Interesting summaries of 
studies of this type have been prepared by Horton‘ and 
Davis’. Most of these observations have been made on 
forested areas, but are not of sufficient scope to delineate 
the detailed interrelations between the characteristics of 
vegetation and precipitation. Other measurements of this 
process have been made for agricultural crops by completely 
paving the ground surface under the crop canopy on a small 
area, then measuring the runoff from this area and the 
precipitation above it. The net difference again represents 
interception. More precise and comprehensive techniques for 
the study of interception by all types of cover are urgently 
needed and should be developed along three lines of ap- 
proach: (1) study of changes in the physical characteristics 
of precipitation as it passes through the plant canopy, (2) 
the volumetric subtraction from precipitation by interception 
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on an areal basis, and (3) tne physical characteristics, such 
as intensity, duration, and amount of precipitation reaching 
the ground surface under the canopy. 

Surface storage of water as snow during the winter 
months is of particular interest to irrigation engineers. Ex- 
cellent techniques for snow surveying as utilized in estima- 
tion of water yield for irrigation and water supply are now 
available as described by Clyde® and Church’. These pro- 
cedures have required ingenuity in the design of special 
sampling equipment such as the core cutting tube and snow 
scales, and in establishing standards for the location and 
frequency of samples on selected routes. 

In the agricultural areas of the Middle West the engi- 
neer has paid particular attention to the storage or con- 
servation of moisture for the production of crops. This 
has been partially accomplished through the practical appli- 
cation of hydrologic principles, namely, that increased sur- 
face detention and retention of water increases the oppor- 
tunity for infiltration and that increased infiltration pro- 
vides opportunity for the storage of more water in the 
soil. This has led, in research, to the development of such 
conservation practices as closed-end level terraces, contour 
furrows and listing, waffle cultivation, etc., all aimed at 
increase of surface storage of water during storms. Tech- 
niques for evaluating the effects of these practices have 
included routine soil moisture measurements involving 
periodic sampling to various depths, determination of crop 
yields and rate of plant growth as indices of available mois- 
ture, and measurement of rainfall and runoff during storms 
to determine the retention of water by the field. Additional 
techniques are needed to evaluate surface detention depths 
and velocities of overland flow as they relate to the surface 
storage process, and particularly as affected by cover and 
tillage characteristics. 


PROGRESS IN MEASURING AND PREDICTING INFILTRATION 


Many workers, during recent years, have made rapid 
progress in the study of “infiltration”. It is at the same 
time unfortunate that there is considerable technical dis- 
agreement regarding the actual meaning of the term and 
the significance of the results obtained from the various 
direct measurements. For this discussion infiltration is re- 
garded in general terms as the process by which water, in 
either liquid or solid state, passes downward through the 
exposed surface of the earth into the zone of aeration. 
Measurement of infiltration, both in rate and amount, is 
accomplished through two general techniques, namely, (1) 
a sampling procedure wherein direct values of infiltration 
are secured at sufficient representative specific points in an 
area to establish an average value for the area within cer- 
tain limits of error, and (2) the area-depth estimates sc- 
cured from analysis of the runoff hydrograph. This latter 
technique is again mentioned later in this paper. 

The accuracy of the sampling technique for evaluating 
infiltration on an areal basis is probably most limited by 
the accuracy of the device used for making the specific 
measurements. Such devices are classified in two broad 
groups, namely, (1) those which maintain uniform surface 
detention over an area of a few square inches by supplying 
water at a rate equal to the infiltration requirement, of 
which the Musgrave tube* and Kohnke grid® are examples, 
and (2) those which apply simulated rainfall at constant 
and known rates over plot areas of a few square feet, infil- 
tration being obtained by analysis of the resultant rainfall- 
runoff hydrograph. 
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EQUIPMENT FOR MEASURING RUNOFF IN TRIBUTARY STREAMS 


(Left) Stream flow measuring station of the type rated by current meter discharge measurements. The station consists of concrete shel- 
ter for recording instrument, Columbus deepnotch ogee weir, and cableway and footbridge from which discharge measurements are made. 
(Right) Dual Parshall measuring flume of 15-ft throat width for the measurement of runoff in rate and amount from a watershed 
of 125 acres drainage area, North Appalachian Experimental Watershed Project 
2 


Infiltration rates are controlled to a large extent by soil 
surface conditions which are, in turn, controlled by cover 
and tillage. It is therefore apparent that techniques which 
will thoroughly establish significant infiltration values are 
essential before the influence of agronomic practices in the 
processes of hydrology can be fully understood. 


The term “suspended water’ as commonly used refers 
to all water in the zone of aeration, including hygroscopic 
water, capillary water, and gravitational water, but exclud- 
ing water of hydration. Soil water contains the same forms 
but lies only in that zone from which water is discharged 
into the atmosphere in perceptible quantities by transpira- 
tion and soil evaporation. 

Accretions to suspended water occur almost entirely 
through the process of infiltration, and therefore the tech- 
niques for the study of both processes are closely related. 

Decretions from suspended water may be generally 
classified as (1) downward percolation into the zone of 
saturation, (2) lateral seepage into surface channels, (3) 
evaporation from the soil surface, and (4) transpiration 
by vegetation. Techniques for the study of these factors 
are briefly discussed elsewhere in this paper. 


Methods for actually evaluating on an areal basis the 
amount of water contained in the soil at any time are based 
on a sampling procedure which requires representative 
measurements secured with proper distribution and with 
sufficient replications to be within a reasonable limit of 
error. One common procedure is that of taking actual sam- 
ples of the soil to specified depths within the soil solum, and 
then drying these samples in an oven. This method is, of 
course, intermittent in nature and is limited on an areal 
basis by the amount of labor necessary to the taking and 
analyzing of the samples. Many workers are now trying 
out various approaches toward the perfection of an instru- 
ment which will record moisture content at any point in 
the soil directly and continuously. Noteworthy among these 
are the tensiometer’®, the Richards soil moisture meter, and, 


recently, the heat conductivity device designed by Baver and 
Shaw??, 


The interpretation of hydrologic data to demonstrate 
the effects of soil characteristics and land-use practices will 
be made more simple and dependable when a practical 
technique is available for the evaluation of soil water on an 
areal basis and continuously with time. The term “‘continu- 


ously’”” is emphasized since only through continuous meas- 
urements can the storage factor be fully equated on a volu- 
metric basis with the other measured processes such as 
precipitation and runoff. 


Percolation, the process by which water flows through 
soil and geologic material, is so intimately associated with 
storage of water in the zone of saturation that the tech- 


niques for study of the two processes must be discussed 
together. 


Accretion to ground water, which is defined as water 
in the zone of saturation, occurs largely as downward per- 
colation from suspended water in the zone of aeration, by 
lateral and downward percolation through porous materials 
from saturated zones at higher elevation, by direct inflow 
through crevasses, and through other contributions of usual- 
ly minor nature. Methods for the evaluation of these accre- 
tions are associated to a large extent with the study of in- 
filtration and storage of soil water as previously discussed. 
Actual rates of lateral flow of percolating waters have been 
studied through various techniques, among which are (1) 
determination of time required for dyes or electrolytes intro- 
duced in one observation well to move to adjoining wells'*, 
and (2) estimation of volumetric rates of percolation 
through pumping tests by the Thiem method'*. Downward 
rates of percolation are measured with various types of ly- 
simeters, by laboratory methods, and by observation of 
ground-water levels in wells. 


Decretions from ground water occur in the greatest 
degree as seepage and spring flow directly into surface 
channels, as subsurface flow to other ground-water tables, 
and as direct evaporation and transpiration when the water 
table is close to the surface. Techniques for the study of 
these processes are discussed elsewhere in this paper. 

Volumetric fluctuations in ground-water storage are 
studied by several methods, most noteworthy being those 
referred to in this paragraph. The depth to water table in 
observation wells is recorded and the change in level dur- 
ing any time period is then multiplied by the average poros- 
ity of the geologic material to obtain volumes of water 
involved in the process. Determination of the average 
porosity requires the taking of many samples at great ex- 
pense and often with results of questionable accuracy. The 
base flow depletion curve of a stream, as obtained at any 
gaging station, may be integrated from zero flow to any 
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desired point on the curve to determine the ground-water 
storage yet available in the drainage basin at that point for 
stream flow. This technique has been developed largely by 
Snyder’®. As used herein, base flow is that portion of the 
flow in stream channels which is derived from ground water 
and the depletion curve is a line representing the rate of 
decline of base flow during periods of no accretion to 
ground water. 

The literature contains many references to techniques 
for the evaluation of evaporation and transpiration in con- 
nection with specific experimental objectives. Rarely, how- 
ever, is there reference to a method which will estimate the 
quantitative activity of these processes on an areal basis with 
a known and dependable limit of error. The two processes 
are considered practically as one in all present methods for 
evaluating them on agricultural areas. Quite precise pro- 
cedures are available for the calculation of evaporation from 
open water surfaces. 

Probably none of the hydrologic processes are so clearly 
expressive of biotic activity on an area as are evaporation 
and transpiration, since they represent the actual water 
losses due to the life processes of the soil and plants. Tech- 
niques to correlate the physical and even the chemical char- 
acteristics of soils and plants with the quantities of evapora- 
tion and transpiration which are experienced under various 
atmospheric and climatic conditions, will be of substantial 
economic value to the agricultural engineer in his various 
activities. 

Raber'® has prepared a comprehensive review of the 
literature dealing with water utilization by trees in the north 
temperate zone and describing methods of measurement. A 
similar review dealing with water utilization by agricultural 
crops is needed. Most of the procedures for study of 
evaporation and transpiration may be classified as follows: 
(1) artificial supply of water to whole plants or parts of 
plants in the laboratory, (2) the growth of plants in small 
containers (potometers) which are weighed periodically to 
determine losses'?, (3) the use of watercycle lysimeters'® 
which measure rate and volume of precipitation, runoff, 
percolation, and additions to and subtractions from soil 
moisture for blocks of undisturbed soil supporting agricul- 
tural crops, and (4) studies of soil moisture depletion dur- 
ing periods of no rainfall. Thornthwaite'® has recently de- 
veloped a technique whereby evaporation and transpiration 
from fairly large fields of agricultural crops may be com- 
puted from continuous records of temperature, humidity, 
and wind movement obtained at different and specified ele- 
vations above the crop canopy. 


RELATION OF RUNOFF TO OTHER HYDROLOGIC PROCESSES 


Runoff is often defined as that portion of the precipita- 
tion which flows from an area in surface streams, in either 
natural or artificial channels, at or below the ground surface 
or through the ground. It is generally recognized that runoff 
is a precipitation residue remaining after the requirements 
of other hydrologic processes have been satisfied. This sug- 
gests that when proper techniques are applied to the meas- 
urement and analysis of runoff, certain information will 
result concerning the other hydrologic processes. As used 
herein runoff refers to volume, generally inches in depth 
over the area, and flow to rate, generally cubic feet per 
second. 

Measurements of runoff have, in most studies, been 
limited to the channel phase, that is, to runoff which takes 
place in surface channels and which is governed by the 
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laws of flowing water in open channels. Flow determina- 
tions by current meter stations, weirs, flumes, and so forth, 
represent basic methods familiar to most engineers. Studies 
in connection with water conservation and soil erosion con- 
trol require runoff measurements on small agricultural areas 
which, in turn, necessitate improvement of the basic tech- 
niques to meet three specific conditions: (1) extreme flash 
flows involving rapid change in stage and slope; (2) flows 
carrying heavy silt which increases the apparent volume, 
fills stilling basins, and chokes measuring devices; (3) 
great difference in rate of long-sustained base flow and of 
maximum flood peaks. Special flumes and other equipmen: 
have been developed which apparently satisfy conditions 
(1) and (3). Further work should be directed toward 
development of devices for accurate and continuous meas 
urement of heavily silt-laden flows. 


RUNOFF RATE AND VOLUME CHARACTERISTICS 


Techniques for the analysis of runoff data are centered 
about either rate phenomena or volume characteristics. As- 
sociated with volume studies are methods which evaluate 
runoff by seasons, years, or other periods of time through 
the application of various statistical and probability proce- 
dures such as the flow-duration curve used by Meyer?° and 
others. Rate phenomena have been extensively investigated 
through analysis of the runoff hydrograph, which has re- 
quired development of techniques for the following pur 
poses: (1) to separate base flow from overland flow and 
from flow which originates as seepage from the zone of 
aeration, (2) to convert the channel outflow graph of over- 
land flow and seepage flow at any point into a channel 
inflow graph for the drainage area, which is accomplished 
through correction of the hydrograph for storage in stream 
channels and valleys, and (3) to analyze the channel in- 
flow graph for surface detention, rate of overland flow, and 
basin retention. These factors are expressive of the dynamic 
relationship between the hydrologic processes and cover, 
soil, and tillage influences. 

The depletion curve is established on a seasonal basis 
and then projected under individual storm hydrographs to 
estimate the separation of base flow from storm flow. This 
technique has been studied in detail by Horton? and others. 
Other investigators are attempting to establish the base flow 
hydrograph by correlation with observed levels in ground- 
water observation wells and observed flow from springs but 
as yet the methods are not well established. Techniques for 
correlating base flow with soil moisture and precipitation 
are needed to fully interpret agronomic influences and daily 
and seasonal fluctuations. 

Two general approaches have been developed for cor- 
recting the observed storm-flow hydrograph for channcl 
storage to obtain channel inflow. Most accurate evaluations 
of storage can be made when a given reach of a stream is 
isolated by sufficient stream-flow measuring stations to re- 
duce the unmeasured inflow to that coming in over the 
stream banks. Under this condition inflow into the reach 
at any time can be balanced against outflow for the same 
time, the difference being ascribed to gain or loss in storage. 
The second approach is applied when only one measuring 
station is available for the measurement of stream flow from 
a given area and consists of plotting a curve to relate volume 
of storage and rate of discharge from integration of tie 
recession side of the hydrograph. 

Extensive work has been done during recent years on 
the correlation and analysis of rainfall and runoff recorcs 
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both on a seasonal and storm basis. Many of the techniques 
of plotting and tabulating such data on a seasonal and an- 
nual basis are familiar both to the agriculturist and engi- 
neer, and therefore need not be repeated here. Meyer?° 


and other writers on hydrology have listed many of these 
procedures. 


Rapid strides have been made in the development of 
techniques for the analysis of rainfall-runoff relations dur- 
ing storms. Ramser?? has studied the time of concentration 
which he refers to as the time “required for the water to 
travel from the most remote point of the watershed to the 
outlet or gaging station,” and of volumetric relations of 
rainfall and runoff for given storms. Horton?! has ex- 
plored in detail the analysis of the hydrograph utilizing the 
“infiltration theory of runoff.” From hydrographs showing 
the rate and accumulated amounts of rainfall and runoff 
and by estimating, on a trial-and-error basis, the infiltration 
capacity of a drainage basin, he has been able to determine 
the initial losses, average surface-detention depths, velocity 
of overland flow, and other factors. In this procedure the 
channel inflow graph as previously described is used as an 
expression of surface flow from the area. 


Sherman?*, Bernard**, Hoyt?> and other have studied the 
unit hydrograph or distribution graph as a tool for esti- 
mating runoff rates and volumes from known precipitation 
and also as a method for analyzing rainfall runoff data 
from experimental watersheds. The unit hydrograph is de- 
fined as the hydrograph of direct runoff resulting from rain- 
fall within a unit of time, as a day or hour. A distribution 
graph is a unit hydrograph of direct runoff modified to 
show the proportional relations of its ordinates in percent- 
age of the total direct runoff. Direct runoff in these defini- 
tions refers to the total amount of surface runoff and sub- 
surface runoff which reaches stream channels. Subsurface 
runoff includes water which enters the soil but returns to 
the surface or appears in channels at a lower level without 
entering the ground-water table in the zone of saturation. 

Numerous other methods for the study of rainfall run- 
off relations by mathematical techniques for either predic- 
tion purposes or to estimate other hydrologic processes have 
been presented in the literature, but in many cases they are 
still in the experimental stage of development, or do not 
promise results of direct utility to the agricultural engineer. 
This same statement applies in large measure to techniques 
which have been omitted in the discussion of other hydro- 
logic processes. 


SUMMARY 


A critical review of the techniques utilized in hydro- 
logic research leads to certain specific conclusions and sug- 
gestions: (1) The methods for measuring the activity of the 
hydrologic processes on an areal basis have not advanced 
to an equal degree of ability for all processes. Rainfall 
and runoff, for example, can be measured much more accu- 
rately over a large area than can soil moisture or transpira- 
tion. (2) In many cases the techniques now available do 
not provide for tracing the dynamic activities of any pro- 
cess throughout its occurrence or for correlating such activi- 
ties with the biotic influences of soils and cover. (3) 
Many workers are now engaged in developing methods and 
procedures which will eventually overcome the shortcom- 
ings mentioned in (1) and (2). It is the hope of every 
hydrologist that such development will lead as rapidly as 
possible to additional techniques which will permit the 
complete quantitative analysis and establishment of basic 
heoretical relationships between all the processes of hy- 
drology on a watershed or other areal basis. 
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Complete Electrification in Relation to Farm Income 
(Continued from page 264) 


summer pump water on the pasture once in a while to keep 
it in June condition until frost, in addition to doing the 
wood sawing and silo filling. You could begin to get some- 
where with your investment in a 5-hp motor. You could, 
because of your improved hay and pasture, save on the grain 
bill, and because your cows could use the pasture longer, 
the tonnage of dry feed handled in the barn would be less. 
By that same amount there would be less manure to haul 
back to the fields. While there seems, at present, no prac- 
tical way to do field work electrically, there may be an 
application of electricity that will eliminate some of the field 
work that used to’ be necessary. . 

When I say that research and development are a neces- 
sary part of progress in rural electrification, I mean that 
we should be working on the idea of making the “electric 
method” fit the job, rather than that we should be satisfied 
with merely ‘electrifying’ that certain job. Up to now, 
most of the work that has been done has been in electrify- 
ing, that is, putting a heating element or a motor on the 
same old equipment that has always been used. I believe 
that a certain amount of effort on the question ‘How must 
this job be done by the electric method?” would give some 
real results. 

I also feel very sincerely that more should be made of 
the electric method. Incidentally, as the electric method is 
applied to a larger number of farm and home jobs, the 
current use per month is likely to go down instead of up, 
at least on individual applications. 

In the present electric range, heat is applied in the same 
way that flame-burning devices have applied heat, to the 
same pans that have been used since the bronze age. And 
yet there is on the market today a set of range units and 
kitchen ware that cooks by induction heating, with quite an 
improvement in efficiency over the ordinary range units 
and kitchen pans. The same iron loss that contributes to 
energy losses on service lines has become, by multiplying its 
effect, a more efficient way to cook food. 

To illustrate how we all take progress for granted and 
severely discount the hard work, time, money, and head- 
aches involved, I am going to predict that at a meeting 
such as this in 1950, some young fellow just getting started 
in electrification is going to get up and talk about the high 
price of electronic-tube kitchen ranges. In the next ten years 
the manufacturers will have taken the artificial fever ma- 
chine, ~ a cooking top and oven on it, fitted it out with 
pyrex dishes for new brides, and will be calling it the last 
word in kitchen equipment. A photoelectric cell “tuned” 
to the color the food should be when it is done, will shut 
off the current when the food is cooked. The heat will be 
generated within the food itself instead of being applied 
to the pan, and after all that is what you want if you are 
trying to cook food. If you think this sounds too much like 
a figment of the imagination, please remember that the 
same electronic tube has already given us radio, the trans- 
Atlantic telephone, sound movies, television, the super- 
microscope, and a score of other things. 


AN OUTLOOK TOWARD MORE COMPLETE ELECTRIFICATION 


I believe you will agree that it cannot be emphasized 
too strongly that there is need of a lot of ingenuity and 
man-hours being put in on finding the electric method for 
the particular job. And that is less than half the job that 
mee to be done. In today’s so-called “‘modern” houses 
the kitchen is usually the most liveable room in the house. 


It ought to be. In the past ten years it is the room that has 
had the most thought and effort put on it. The result is a 
room designed for electrical living. It makes use of modern 
equipment, and you can put all of it in at once, or you 
can add a piece at a time, and you come up with the same 
thing—beauty, convenience and utility all through the room 

If we are ever to have farm operation that utilizes 
“complete’’ electrification, we are going to have to do the 
same thing for the entire farm building group. We shal! 
have to redesign the farm around the electrical equipment 
that will make it as completely modern as the all-electric 
kitchen. Some of you production men might like a shot 
at this little problem. 

In taking care of one cow in the stable from October 
to May and milking her there during the other four months 
you do some heavy lifting, even though the carrying de- 
pends on how well your present stable is arranged. These 
amounts are conservative, so if you think my figures small, 
just add to them. First there is, or ought to be, if the cow 
is any producer at all, at least 3 tons of milk. You will 
have to put up 21/, to 3 tons of hay. A hay loader and a 
horse fork may get it into the mow for you, but you still 
have to dig it out of there and put it into the manger. | 
hope you let electricity or gravity supply the water. From 
October to May a cow drinking 20 to 25 gallons of water 
a day drinks from 17 to 20 tons of water. There will be 
from /, to 34 ton of grain to handle, and if silage is fed, 
that will run from 2 to 4 tons. Then you go back of the 
cows and shovel most of that tonnage out and spread it on 
the field so you can grow more hay next year. The cow is 
really quite a remarkable machine. You take about 8 tons 
of raw material and 17 tons of water and let her process it 
for you, and you get 3 tons of salable product and enough 
left over to grow next year’s crops. It seems to me that a 
production line method of handling all that tonnage would 
help take it off the back of the fellow who is trying to 
keep bread on his table by running a milk factory. 


WIRING FOR INCREASED USE OF ELECTRICITY 


A farm wiring system designed around electrified farm- 
ing will be much simpler when the building design has 
been taken care of. We will need circuits, outlets, portable 
cords, and trolley connections, the material for which will 
probably be all ready for use, the methods and equipment 
having been tried and developed in other industries. With 
small automatic equipment, wire sizes might be small, but 
the circuits serving portable equipment might want to be 
entirely of “plug-in strip.” Anyway, if there is a little 
ingenuity, imagination, and a very liberal portion of hard- 
boiled horse sense put on all these problems, we should get 
a crop of practical and workable uses and equipment that 
effectively make use of the electric method. 


Can the complete electrification of farms contribute to 
larger farm income? Yes, it certainly can. With reduced 
production costs, together with increased quantity and quali- 
ty, the net income will be larger; farm and farm home 
uses can contribute materially to better working and living 
conditions, so that farm people may have more things that 
they never had before. But if this is to be brought about, 
farmers, manufacturers, researchers, educators, and electric 
service companies will have to keep everlastingly alert whilc 
they keep plugging away at the job—plugging in all the 
proved devices and equipment, and plugging at the hard 
work that will develop and prove new ones. 
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Transport Wheels for Agricultural Machines 


IX. Effective Radius and Slippage 
By Eugene G. McKibben and J. Brownlee Davidson 


FELLOW A.S.A.E. 


SUMMARY 
1 The loaded radii and distances of forward travel per 
revolution were measured for all of the steel wheels and 
pneumatic tires used in the rolling resistance studies re- 
ported in the earlier articles of this series. 


2 Effective radii and slippages were calculated from 
these data. 


3 Slippage occurred in all tests on agricultural soils. 


4 This slippage was approximately proportional to the 
square of the coefficient of rolling resistance. 


NDER many conditions the effective radius and 

slippage of a transport wheel may be of little inter- 

est. From the viewpoint of the agricultural engi- 
neer, however, a study of transport wheels would not be 
complete without evaluation of these factors. This is par- 
ticularly true in view of the frequent use of transport wheels 
as driving wheels for accessory mechanisms. 


Definitions. For the purpose of this article the ‘‘effec- 
tive radius” of a transport wheel is defined as the forward 
travel during one revolution divided by 6.2832; the ‘loaded 
radius’ as the height of the axle center when supporting a 
stationary load on a concrete road; and the “‘slippage’’ as 


Journal Paper No. J-768 of the lowa Agricultural Experiment 
Station, Project No. 576, in cooperation with the American Society 
of Agricultural Engineers. Articles I to VIII of this series have 
appeared consecutively in AGRICULTURAL ENGINEERING from No- 
vember 1939 to June 1940, inclusive. 

The authors are, respectively, associate professor of agricultural 
engineering, and professor and head of the department of agricul- 
tural engineering, Iowa State College. 


TABLE 1. SLIPPAGE® IN PER CENT FOR TWENTY-THREE INDIVIDUAL WHEELS» 
CONDITIONS AT TWO OR THREE DIFFERENT LOADS#@ 


CHARTER A.S.A.E. 


the difference between the effective radius and the loaded 
radius, divided by the loaded radius. The use of the loaded 
radius on concrete as the basis for slippage is admittedly 
arbitrary but seemed the best solution in view of the diffi- 
culty of determining loaded radii for varying soil conditions. 

Slippage. The effective radius and slippage of a trans- 
port wheel is determined by a large number of wheel and 
soil factors. In general, however, it may be stated that 
the effective radius will be greater than the loaded radius 
for any transport wheel operated on a friable (nonelastic 
in tension) medium. Thus the bottom of the wheel is not 
stationary with respect to the soil but is slipping forward. 
This proposition has been analyzed by the methods of 
theoretical mechanics in a previous publication’ and is 
supported by the data presented in this article. 

Test Methods. The loaded radii, as already defined, 
were determined for all the steel wheels and for all loads 
and inflation pressures of all pneumatic tires used in the 
rolling resistance investigations reported in the previous 
articles of this series. For each trial the forward travel per 
revolution of the test wheel was obtained by a special pencil 
on the dynamometer chart’. 

Individual Wheels. From these data the per cent slip- 
page values shown for two steel wheels and two pneumatic 
tires in Fig. 1 were calculated. The values plotted on the 
gtaphs of this figure represent three loads and seventeen 
road and field conditions varying from a concrete road to 
loose tilled sand. These are the same tests as those shown 


1McKibben, Eugene G. Some kinematic and dynamic studies of 
rigid transport wheels for agricultural equipment. lowa Agr. Exp. 
Sta. Res. Bul. 231. March 1938. 


ON FOUR ROAD AND FIELD* 


500-lb load 1000-1b load 1500-1b load 
Pres- Pres- Pres- 
Unloaded sure, Loaded Slippage, per cent sure, Loaded Slippage, per cent sure, Loaded Slippage, per cent 
radius Ibper radius, Fieldc lbper radius Fieldc Ibper radius, Fielde 
Wheel in sq in ine A B Cc D sq in ine A B Cc D sq in ine A B Cc D 
2.5x36 18.0 st 18.0 0.0 1.1 20.6 22.8 Ss 18.0 0.0 41.7 23.0 25.0 Ss 18.0 0.0 2.2 24.4 28.9 
4x24 12.0 s 12.0 0.0 41.7 40.0 41.7 s 12.0 0.0 2.5 50.0 68.4 s 12.0 08 25 — -- 
4.00-18 13.2 20 12.5 0.8 2.4 25.6 30.4 44 12.5 08 #40 — as — —_ —_ —_ — _ 
4x36 18.0 Ss 18.0 0.6 41.7 20.6 22.8 s 18.0 0.6 2.2 17.2 34.5 Ss 18.0 .6—- — -- 
4.00-30 19.2 16 18.4 0.5 0.5 17.9 15.8 36 18.4 0.0 1.1 20.6 14.7 —- — _ ich ll — 
4.00-36 22.2 16 21.1 1.0 1.4 15.6 14.2 36 21.3 0.0 O.9 16.9 18.8 oa _ - —- — — 
5.00-16 12.8 16 11.8 2.6 2.5 28.0 28.8 32 11.7 2.6 4.3 32.5 41.0 — —- — _-_ — —_— 
6x28 14.0 s 14.0 0.7 2.1 23.6 25.7 s 14.0 0.7 3.6 32.8 51.4 s 14.0 0.7 2.1 38.6 62.9 
6.00-16 13.8 16 13.0 1.5 0.8 22.3 21.5 20 12.6 3.2 4.8 27.8 34.1 40 12.6 4.0 5.6 34.1 44.4 
6.00-166 14.8 20 13.0 11.5 20.8 31.9 29.2 30 12.9 10.8 17.1 38.8 45.7 “= — — —_ ene 
7.50-10 12.5 16 11.6 1.7 3.4 25.0 28.4 20 11.2 45 5.4 40.3 45.6 32 11.3 3.5 4.8 50.4 46.0 
7.50-16 15.2 16 14.6 0.6 2.0 21.9 14.4 16 13.9 2.1 50 24.5 28.1 20 13.6 3.7 4.4 30.2 36.1 
7.50-28 22.0 16 21.2 0.0 #409 104 8.5 16 20.6 1.4 #19 14.6 17.5 16 20.2 1.5 2.0 15.4 15.8 
8x4gh 24.0 s 24.0 0.0 O.8 10.0 9.6 Ss 24.0 -0.4 1.2 15.0 15.4 s 24.0 -0.8 1.2 15.8 25.4 
7.50-36 25.8 16 25.2 -0.8 0.0 7.5 8.7 16 24.1 1.7 2.5 14.9 14.5 16 24.1 0.8 0.4 13.3 11.2 
9.69-10 13.7 16 12.8 2.3 2.3 18.8 25.0 20 12.6 2.4 2.2 30.2 38.9 32 12.5 3.2 5.6 32.8 48.8 
9.00-16 16.4 16 15.8 0.66#613 — 12.6 16 15.2 2.0 3.3 22.9 27.0 16 14.7 3.4 4.8 26.5 28.6 
9.00-24 21.4 16 20.8 05 14 9.1 6.2 16 20.2 1.0 4.5 14.3 15.6 16 19.8 1.5 2.0 14.6 18.7 
1000-1b load 1500-1b load 2000-lb load 
9.00-40 29.4 16 28.3 0.4 414 «9.5 11.0 16 27.9 0.7 0.7 9.7 12.5 16 27.5 0.7 18 11.3 13.8 
11.25-24 23.3 16 22.1 1.4 2.7 12.6 5.0 16 21.6 2.3 2.8 13.9 16.2 16 21.2 3.3 4.2 17.0 18.9 
11.25-36 29.3 16 28.2 0.0 #11 89 11.0 16 27.8 0.0 #O.7 9.7 12.9 16 27.4 -0.4 18 12.8 13.1 
14x60h 30.0 Ss 30.0 0.0 84610 8.0 7.7 Ss 30.0 0.0 0.7 8.7 13.0 Ss 30.0 -0.3 1.0 11.0 14.3 
12.75-32 28.2 16 27.2 a3 15 823 386 16 26.6 1.5 2.6 12.8 14.3 16 25.7 3.9 5.4 14.8 17.5 


«Calculated on the basis of stationary loaded radius on concrete. 


>Rolling resistance data for the same wheels and operating conditions 
were given in Table 3 of the second article of this series (AGRICUL- 
TURAL ENGINEERING 20:471, December 1939). 


eConcrete road, bluegrass pasture, tilled loam, and loose sand, respec- 
tively. These road and field conditions were also described in detail 
in the article just cited. 


4Because of limitations of testing equipment the largest loads used 


were only one third of the recommended capacities of the larger tires. 
eWhen supporting load on concrete road. 
fSteel wheels. 
®Skid-ring tractor tire. 


Tests of the 48 and 60-in steel wheels on concrete were made with 4-in 
rim width. 
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SLIPPAGE OF 2.636 in. STEEL WHEEL IN PERCENT 


SLIPPAGE OF @x€8 in. STEEL WHEEL IN PERCENT PNEUMATIC TIRE IN 
Qo 
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RELATION BETWEEN COEFFICIENT OF ROLLING RESISTANCE AND SLIPPAGE 


Fig. 1 (Left) Relation between coefficient of rolling resistance and slippage for two steel and two pneumatic transport wheels at three 

loads on seventeen road and field conditions varying from concrete to loose tilled sand. Each point represents the mean of three non- 

consecutive 50-ft tests. The standard error of these mean coefficients of rolling resistances varied from 0.002 for concrete to 0.04 for 

tilled loam and the corresponding standard errors for per cent slippage were 0.28 and 0.48, respectively. Fig. 2 (Right) Relation be- 

tween coefficient of rolling resistance and slippage for sixteen pneumatic tires varying from 4.00-18 to 12.75-32 in and fifteen steel wheels 
varying from 2.5x24 to 14x60 in at three loads on road and field conditions varying from concrete to loose tilled sand 


TABLE 2. 


COEFFICIENTS OF ROLLING RESISTANCE* AND PER CENT 
SLIPPAGE? OF 6.00-16 AND 7.50-28-In IMPLEMENT TIRES AT 
FIVE INFLATION PRESSURES AND THREE LOADS ON 


FOUR ROAD AND FIELD CONDITIONS 
Road and field conditions¢ 


Pres- A-Concrete B-Bluegrass C-Tilled loam 
sure, Loaded Slip- Slip- Slip- 
Load, Ibper radius¢ Coef. page,> Coef. page,b Coef. page,» 
Tire lb sq in in R.R.a percent R.R.a percent R.R.a percent R.R.«® percent 
6:00-16 500 10 12.4 -036 4.8 -058 6.4 -278 23.6 
4-ply 15 13.0 .034 1.5 -056 3.9 -300 22.3 
20 13.1 -032 2.3 -058 3.8 320 19.8 
30 13.2 -028 2.3 -060 3.0 .330 8621.2 
40 13.3 -026 2.3 -062 3.8 -328 20.3 
1000 §=610 11.3 -040 10.6 -062 9.7 -239 =30.1 
15 12.2 -030 4.1 -057 5.7 -297 30.4 
20 12.6 -027 3.2 -060 3.2 -319 27.8 
30 12.8 -022 3.1 -064 4.7 -345 33.6 
40 12.9 -023 3.9 -063 4.6 -354 34.9 
1500 §=610 10.2 -064 21.6 -065 17.6 -225 34.3 
15 11.5 -032 8.7 -055 7.8 -261 31.3 
20 11.9 .027 6.7 -055 5.9 -289 8928.5 
30 12.5 -023 4.0 -056 4.8 .335 34.4 
40 12.6 -021 4.0 .060 5.5 355 8631.7 
7.50-28 1000 10 20.2 -028 4.4 -053 1.0 182 §10.8 
4-ply 15 20.5 -023 3.4 -055 1.5 -208 13.6 
20 20.8 -022 2.9 .057 1.4 -218 13.5 
30 21.1 -016 2.4 -060 1.0 .223 11.9 
40 21.2 -016 2.8 .054 1.4 231 118 
1500 10 19.5 -033 5.6 -054 2.6 177 ~=—-:16.4 
15 20.1 .026 4.0 .052 1.5 197 §=13.4 
20 20.6 .023 1.9 .053 0.5 -219 13.6 
30 20.8 -019 2.4 -055 1.4 -239 15.4 
40 21.0 -017 1.9 -057 1.0 -253 11.9 
2000 «6410 19.2 -036 5.7 -054 2.6 -153 13.0 
15 19.8 -030 3.5 -045 2.0 -168 13.6 
20 20.3 -023 1.0 .045 1.5 -186 §=613.8 
. 30 20.6 .021 2.9 -049 1.9 -202 16.1 
40 20.8 -020 2.4 -053 1.4 -211 16.4 


aRolling resistance divided by the load. 

>bCalculated on the basis of the loaded radius on concrete. 

eThese road and field conditions are described in detail in Table 2 and Figs. 2 to 5 of the sec- 
ond article of this series (II. Rolling Resistance of Individual Wheels. AGRICULTURAL ENGI- 
NEERING 20:469-473, December 1939). 


@Measured when supporting load on concrete road. The unloaded radii of these two tires were 
13.9 and 22.0 in, respectively. 


in Fig. 3 of Article VIII of this series”. 
The curves shown were selected arbitrarily 
by the authors because of their simple 
mathematical form combined with a reas- 
onably good graphical fit. 

Slippage Data. The per cent slippage 
values listed in Tables 1 and 2 were cal- 


D-Loose sand 
Slip- 
Coef. page,» 


= Lop culated from the loaded radius and travel 
— a. distance measurements previously men- 
326 24.8 tioned. Values of the effective radii are 
226 31.9 ~—_ not shown because these tables are already 
338 349 very large. The effective radii may be 
pow aa readily calculated, however, from the slip- 
ae 98.3 page percentages and loaded radii. Con- 
319 34.5 ditions represented by Tables 1 and 2 cor- 
seo 43:2 respond to those of Table 3 of Article I! 

179 14.7 and Table 1 of Article III* of this serics. 
4 . The data of Table 1 were used to plot 
a. Gs the two graphs of Fig. 2, one for stec! 
173 18.5 wheels and the other for pneumatic tires. 
— wae ‘ihe graph for steel wheels also includes 
= _ data’ taken in 1936. Thus the points 
173 19.3 shown in Fig. 2 represent sixteen pneume- 
oo tic tires vary- (Continued on page 280) 
281 29.1 seasons 

291 29.8 


2AGRICULTURAL ENGINEERING 21:231-234 
June 1940. 

3AGRICULTURAL ENGINEERING 20:469-473, 
December 1939. 

4AGRICULTURAL ENGINEERING 21:25-26, 
January 1940. 
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Field Studies with Dual Tractor Tires 


By C. W. Smith 


MEMBER A.S.A.E. . 


HIS paper presents some results of work done to 

compare duai tractor tires with single tires while 

using a general-purpose tractor on lister ridges, on 
wet stubble ground, and on plowed ground. 

For all work the rear static weight of the tractor was 
kept constant at 4090 Ib. This weight included the weight 
of the tractor operator, and also the weight of the burette 
operator while fuel consumption data were being taken. 
The tractor was driven in second gear and used tractor fuel. 

Lister Ridges. A large percentage of the corn acreage 
in Nebraska is listed. The first two or three cultivations 
require the tractor wheels to ride the lister ridges. There 
is no uniformity in the depth of listing. Some farmers feel 
that the corn does better when the listing is deep; others 
feel that the corn does just as well, if not better, when the 
listing is shallow. With conditions differing widely from 
one locality to another, both are right. 

Steel wheels with spade lugs ride any lister ridge fairly 
satisfactorily. Any type of wheel equipment can be made 
to ride low flat ridges. Single pneumatic tires have not 
given general satisfaction for cultivating listed corn. Dual 
pneumatics have been proposed as a solution to the prob- 
lem. In preparing to compare the action of single tires and 
dual tires on lister ridges an overrunning clutch was 
mounted on the steering column of the tractor and a revolu- 
tion counter was driven through the clutch. Fig.1 is a 
picture of this equipment as mounted on the steering 
column of the tractor. When the wheel was turned in one 
direction it turned the counter; when turned in the oppo- 
site direction it did not turn the counter. Counter readings 
under various conditions gave a comparison of the steering 
efforts required. A long, level field with uniform soil con- 
ditions on the Hoffman farm northeast of Lincoln, Nebras- 
ka, was used. Two rows of stakes were set up through this 
field parallel with the lister rows. The stake rows were 50 
ft apart, and the stakes were set 100 ft apart in the rows. 
Tests were run on each side of the double row of stakes, 
data being taken for each alternate 100 ft. Fig. 2 shows 
the equipment as used on the lister ridges. The testing 


Presented before the Power and Machinery Division at the fall 
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equipment was never driven on ridges a second time. Com- 
parable drawbar loads were imposed on all wheel equip- 
ment on adjacent tracks between the same pairs of stakes. 

The lister ridges were of medium height. The soil was 
in splendid condition to be worked. Three drivewheel spac- 
ings on the 9.00x36 single tires were tried, 84, 76, and 
68 in. The ridges were 42 in apart. It was the judgment 
of all five men assisting with these tests that, if there was 
any preferable wheel spacing, in this case it was 84 in. The 
single tires were not satisfactory for this work under any 
condition tried. The plan had been to try various front- 
wheel equipment and front-wheel spacings, but it was so 
obvious that the rear end of the tractor slipped off the ridges 
in most instances while the front wheels were still riding 
on top quite satisfactorily, that no changes were made on 
the front wheels. It is obvious, however, that if the rear 
tires were riding the ridges satisfactorily, steering could be 
made still easier by spreading the front tires. 

The 9.00x36 and the 7.00x40 dual tires were each 
run at two inflation pressures, 12 and 16 lb, and it had 
been in the plan to run the 9.00x36 singles at these two 
inflation pressures, but the action of the singles was so un- 
satisfactory that no attempt was made to run them at a 
second inflation pressure. The inflation pressure used on 
the singles was 12 lb. A significant difference in the per- 
formance of the duals could neither be detected in the way 
they handled, nor in a general examination of the data 
taken using different inflation pressures. Since all data 
could not be presented, it seemed advisable to use one in- 
flation pressure as far as possible, and 16 lb was arbitrarily 
chosen for this purpose. Figs. 3 and 4 show graphically the 
results. Fig. 3 shows results obtained while traveling north 
and on the west side of the rows of stakes; Fig. 4 shows 
results from the east side of the stakes and traveling south. 
The singles required much more steering effort while pull- 


ing less pounds than any of the duals. No significant dif- 
ference between duals was apparent. 


Wet Stubble Ground. Comparative draft, travel reduc- 
tion, and horsepower tests were made with duals and singles 
on a wet stubble field on the Hoffman farm. This particu- 
lar field and time was chosen to secure unfavorable footing 
or traction for a rubber-tired tractor. The tractor’s behavior 
under these circumstances would simulate its action in an 
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Fig. 1 (Left) Overrunning clutch mounted on the steering column of a tractor through which a revolution counter is driven for the pur- 
pose of comparing steering effort. Fig. 2 (Right) Equipment as usei on lister ridges for the purpose of getting draft, travel reduction, 
and steering-effort data 
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DRAFT AND STEERING EFFORT ON LISTER RIDGES 
HOFFMAN FARM APRIL 11812, 1939 
RECORDED OVER 100 FOOT DISTANCES IN INTERVALS OF 200 FEET— SIMLAR INCREASING LOADS 
B 00x36 DUALS AT 16 POUNDS INFLATION 
B 9.00 x 36 SINGLES AT 12 POUNDS INFLATION 
OQ 700 X40 DUALS AT 16 POUNDS INFLATION 
@ 500 X44 DUALS AT 20 POUNDS INFLATION 
N=@——S DIRECTION OF TRAVEL 
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ErFECT OF WHEEL EQUIPMENT 

DRAFT, TRAVEL REDUCTION AND HORSEPOWER 

WET STUBBLE GROUND HOFFMAN FARM APRIL 8, 1939 
RECORDED OVER 100 FOOT DISTANCES AT NTERVALS OF 200 FEET MAXIMUM PRACTICAL LOAD 
900 X36 DUALS AT 16 POUNDS INFLATION 
t 900 X36 SINGLES AT I6 POUNDS INFLATION 
0 700 X 40 DUALS AT I6 POUNDS INFLATION 
® S00 X44 DUALS AT 20 POUNDS INFLATION 
N—*S DIRECTION OF TRAVEL 
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DRAFT AND STEERING EFFORT ON LISTER RIDGES 
HOFFMAN FARM APRIL 11K12, 1939. 
RECORDED OVER 100 FOOT DISTANCES AT INTERVALS OF 200 FEET- SIMILAR DECREASING LOADS 
§& 90036 OVALS AT 6 POUNDS INFLATION 
@ 900 x36 SINGLES ATI2 POUNDS INFLATION 
O 7.0040 DUALS AT 16 POUNDS INFLATION 
GB 500 x44 OVALS AT 20 POUNDS INFLATION 
N——eS DIRECTION OF TRAVEL 
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DRAFT, TRAVEL REDUCTION AND HORSEPOWER 
WET STUBBLE GROUND HOFFMAN FARM APRIL 6, 1939. 
RECORDED OVER OO FOOT DISTANCES AT INTERVALS OF 200 FEET MAXIMUM PRACTICAL LOAD 
B 9.00 X36 DUALS AT i6 POUNDS INFLATION 
B 9.00 x 36 SINGLES AT 16 POUNDS INFLATION. 
O 7.00 X40 DUALS AT 16 POUNDS INFLATION 
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Fig. 3 (Upper left) Graphical presentation of draft and steering-effort data taken on lister ridges with dual and single pneumatic tires, 

while traveling north. Fig.4 (Upper right) Graphical presentation of draft and steering-effort data taken on lister ridges with dual and 

single pneumatic tires, while traveling south. Fig. 6 (Lower left) Graphical presentation of data showing the effect of wheel equipment 

on draft, travel reduction, and horsepower, on wet stubble ground (too wet for usual farm operations). Nine sets of data were taken 

while traveling south and without interrupting the tractor’s forward progress in a straight line. Fig. 7 (Lower right) Graphical presen- 

tation of data showing the effect of wheel equipment on draft, travel reduction, and horsepower, on wet stubble ground. Nine sets of 
data were taken while traveling north and without interrupting the tractor’s forward progress in a straight line 


emergency. The stubble on this field, left from combining, 
stood 25 in high and had at its base a dense undergrowth 
from 3 to 4in thick. The ground was wet and this dense 
undergrowth prevented evaporation. At any time while 
testing on this stubble field the undergrowth could be 
pushed aside and a mud ball made from the top soil. 
While the field appeared perfectly level the ends of our 
test plot had soaked up more water than the center. The 
center of the test plot gave the best traction and the least 
travel reduction. An attempt was made to impose a fairly 
heavy load on the tractor at all times, lessening it only to 
keep from getting stuck. In spite of caution, it stuck once 
on the south end of the field. Only one inflation pressure, 
namely, 20 lb, was used with the 5.00x44 duals; but two 
inflation pressures were used with the 9.00x36 singles and 
the 7.00x40 duals, 12 and 16 lb; and three pressures 10, 
12, and 16 lb were used with the 9.00x36 duals. Fig. 5 
shows a wheel-sliding tool developed for this work. Figs. 6 
and 7 show some of the results. The single tires, with less 
draft, show more travel reduction and less horsepower than 
any dual tire. The 5.00x44 duals had a little more difficulty 
under these circumstances than the larger duals. Little or 
no difference can be seen from the data in the performance 
of the 7.00x40 duals and the 9.00x36 duals under these 
circumstances. Fresh tracks were being made at all times 
while data were being taken. 


Dual Tires and Tractor Fuel Consumption. Volumetric 
fuel-measuring equipment was built and installed on a 
general-purpose tractor which made it possible to take fuel 
consumption data on the tractor while it was doing field 
work, without interrupting its forward progress or load. A 
level field on the Hoffman farm was used for this purpose. 
It had been plowed and harrowed following wheat harvest 
and was standing idle until the time for reseeding to wheat. 
It had been standing long enough previous to these tests to 
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FIG. 5 A SPECIAL TOOL DESIGNED TO ASSIST IN SLIPPING WHEEIS 
ON SPLINED AXLE SHAFTS 
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EFFECT OF WHEEL EQUIPMENT ON FUEL CONSUMPTION 
PLOWED GROUND HOFFMAN FARM AUGUST 25,26,26, 839 

VOLUMETRIC METHOD - WEST SIDE 

WEIGHT METHOD- COMPLETE CIRCUIT ———+) 

VOLUMETRIC METHOD — EAST SIDE ——— 
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FUEL CONSUMPTION WITH VARIOUS WHEEL EQUIPMENT 
VOLUMETRIC AND WEIGHT ME THOOS 
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Fig. 8 (Left) Graphical presentation of data showing the effect of wheel equipment on fuel consumption. Among the many things of 

interest to be seen in this chart is the fact that two sets of 7.00x40 duals of different makes made almost identical records. Table (Right) 

Data taken on plowed ground with a general-purpose tractor using four sets of dual pneumatic tires, one set of single pneumatics and 

one pair of narrow channel steel wheels with spade lugs. The effective circumferences of all wheel equipment were very nearly the same 

and were determined by driving the tractor without load over the same soil conditions as were used for the tests. Some decimals have 
been omitted from the tabulations which were used in computations 


reach almost a static condition with respect to moisture 
content and tilth. The soil was in splendid condition for 
test work. Tractor fuel, A.P.I. 39.4, was used. The fuel 
bulb had a capacity of 595 cc. It was estimated that this 
would be sufficient to carry the tractor 1400 ft at one- 
fourth load, 1200 ft at one-half load, 1000 ft at three- 
fourths load, and 800 ft at full load. The field plan made 


EFFECT oF WHEEL EQUIPMENT and LOAD 
ON 
FUEL CONSUMPTION 
EAST SIDE HOFFMAN FARM AUGUST 25,26,28,1939 
| &————-4 5.00 X44 DUALS. 
2 e—--——« 7.00 X40 DUALS 
—O 700 X40 DUALS 
40-—-—o 900 X36 DUALS 
Se—- — —@ 9.00 X36 SINGLES. 
6e—---—e STEEL WHEELS WITH LUGS. 


HORSEPOWER HOUR 


FUEL-POUNOS PER DRAWBAR 


8 9 10 i 
ORAWBAR HORSEPOWER 


it possible to use these distances for the various loads. 
Volumetric data were taken on both sides of the stakes 
and fuel and time data for the complete circuit by weight. 
It was not possible to keep the load adjusted as accurately 
around the ends as along the sides. The average of the 
drawbar pull on the two sides was assumed to have been 
the draft for the entire circuit and was used for weight 


EFFECT oF WHEEL EQUIPMENT AND LOAD 
ON 
FUEL CONSUMPTION 
WEST SWE HOFFMAN FARM AUGUST 25, 26,28,1939 


| &——————@ 3.00 X 44 DUALS. 
2*—--——* 700 X 40 DUALS 
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Fig.9 (Left) Fuel consumption data from the east side of the stakes plotted against drawbar horsepower. The curves for the four sets of 

duals came so nearly falling upon one another that only two curves are drawn in for them. One of these is for the 9.00x36 duals. The 

other is a composite curve showing the other three sets of duals. Fig. 10 (Right) Fuel consumption data from the west side of the stakes 

plotted against drawbar horsepower. Like Fig. 9, the steel shows the highest fuel consumption on all except the heaviest loads, and the 
single pneumatics, the least fuel consumption except on heaviest loads. The duals show no apparent significant differences 
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EFFECT OF WHEEL EQUIPMENT ON TRAVEL REDUCTION ANDO DRAFT 
PLOWED WHEAT STUBBLE HOFFMAN FARM AUGUST 25,26,28, 1939 
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Fig. 11 (Lower left) Graphical presentation of the effect of wheel equipment on travel reduction and draft from data taken on the east 
side of the stakes. The similarity of the dual tire curves is striking. Fig. 12 (Lower right) Graphical presentation of the effect of whec! 
equipment on travel reduction and draft from data taken on the west side of the stakes 


computations. Therefore, the volumetric data are the better 
and should get the emphasis. The weight data should be 
considered only as a check. 

Fig. 8 shows fuel consumption in pounds per drawbar- 
horsepower-hour plotted against approximate loads. Pre- 
liminary runs were made to determine the maximum draft 
which could be secured without pulling the engine speed 
below rated speed, and without excessive travel reduction. 
This was taken as full load. Three values are given at each 
load. The solid left-hand bar was secured by the volumetric 
method on the east side of the stakes. The solid bar on 
the right-hand side was secured by the same method on 
the west side of the stakes. The center cross-hatched bar 
was secured by weighing the fuel used for the entire cir- 
cuit, and, as has been said before, is not to be given the 
same consideration as the volumetric method data. The 
channel steel wheels with spade lugs were included as of 
general interest. 

Figs. 9 and 10 show fuel consumption plotted against 


horsepower. From Fig. 10 the following data can be 
secured: 
Pounds fuel per 
Horsepower drawbar-horsepower-hour 
9.00x36 singles 7 1.95 
Steel wheels 7 2.20 


The steel-wheeled tractor used 12.8 per cent more fuel 
than the rubber-tired tractor at this load. There was less 
difference in fuel consumption between the duals and the 
steel wheels than between the singles and the steel. Above 
10 drawbar horsepower there was no appreciable difference 
in fuel consumption with reference to the various wheels 
tried. Speeds and loads were not planned to show the 
advantages of rubber over steel. That rubber does have 
many advantages over steel is widely known and accepted. 
The plowing averaged between 5 and 6in deep. The 
plowed ground was mellow and the plow sole dry and 
hard, which may have been somewhat favorable to the steel. 

Figs. 11 and 12 show travel reduction versus draft. The 
steel wheels showed the least travel reduction and the single 
tires the most. There is insufficient data to classify the 
duals with any reasonable degree of certainty. It is appar- 
ent that differences in performance are small. The table 
gives data on fuel consumption. 


CONCLUSIONS 

1 It is difficult to make single pneumatic tires ride 
lister ridges. It can be done by throttling the tractor and 
pulling little or nothing. 


2 Dual tires of any size, spaced 31/, to 41/, in apart 
on the rim, ride lister ridges satisfactorily. 

3 Dual tires gave better traction on a wet stubble field 
than single tires, and can be expected to negotiate wet field 
spots better than single tires. 

4 Dual tires had less travel reduction in plowed 
ground than single tires. In other words, they slipped less 
and gave better traction. 

5 Dual tires showed a higher fuel consumption, in 
pounds per drawbar-horsepower-hour, than did the single 
tires. The difference was small and tends to discourage 
the idea of lessening fuel consumption and thereby tractor 
operating costs by the use of dual tires. 

6 Dual tires may have the capacity to carry more added 
weight than single tires. The traction will increase in pro- 
portion to the increase in weight on the tires, until limited 
by engine horsepower. 
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Transport Wheels for Agricultural Machines 


(Continued from page 276) 


ing from 4.00-18 to 12.75-32in and fifteen steel whecis 
varying from 2.5x24 to 14x60 in with both groups operated 
at three loads on road and field conditions varying from 
concrete to loose tilled sand. 


Slippage and Coefficient of Rolling Resistance. The 
curves shown in Fig. 2 were selected arbitrarily the same as 
those of Fig. 1. A better fit could have been obtained by 
using a fractional exponent especially for the pneumatic 
tires. However, because in any case the equations wou'd 
be empirical, the greater simplicity of an integral exponent 
seemed sufficient justification for this selection. 

All the data obtained indicate a close relationship be- 
tween the slippage and the coefficient of rolling resistancc. 
Apparently those factors which determine the rolling resis:- 
ance influence slippage in such a way as to cause the slip- 
page to vary approximately as the square of the coefficient 
of rolling resistance. 

The data of Tables1 and 2 also indicate that with 
pneumatic tires a relatively higher slippage for a given 
rolling resistance may be expected when a large load is 
carried, when high inflation pressure is used on sand, or 
when a low inflation pressure is used on a hard surface 
like concrete. 


- 


J 


| Cries a pce) Stic | cua Niels vai ae hee ae BeBe tf eo 
fe ee Bt Soe. ee ae : j . ere > * 
2 ee pe oer ee TEC alin. teh ta oe 
1 OE? 5 eee ae 2) 
|: eal : , ‘ so, 
“glee: : 
Bee 
ee 
oa 
| sae. : 
i ee 
(ate = P 
Par 
ae ; 
: Ne \q 
een | 
1 aoe | 
| ee 2 + 
nes Pe | 
ee. 2 ° Pa | l 
Res : ; ' nf 
7th re | | 
ay) FT] | 2 o—--—* 700 X 40 DUALS ei £ Ay | 
| Aad : 18 2e---—« 7.00X40 DUALS | Nf | ry pct f pra i? j 
in ad 30----@ 7.00X40 DUALS | | lJ 5 ” rd ae 
ee = ld ee i A 
ioe OG A $ yy | | 
Sa) Dees a , YH 5 | | 
: & y - 12) | | a“ -.. FS 7 , | ‘ 
i Pt : | ~ wo Z + H X 
one | | ee : Z - 
y se ag 8 ——4 t 1 eo nt j i. Lo | 
‘gees a | | g C= ~ 
4 » a | 2 ad | 
Ae ° | age +- | ge | tt 
1 sii aa | | « gn” Le 
= isis s|___|__1 fee} —_} —_j_____}- —________}- 4 1 4 & 
fina —— FT) Braz | h 
Che ca | | | | === Te ' 
BEsees: ‘ | | = | | = a 
= i oh i 200 400 600 600 1000 1200 1400 1600 1800 200 400 600 600 1000 1200 1400 1600 100 =| 
eof ib? AVERAGE ORAFT - POUNDS AVERAGE DRAFT -POUNDS H re 
eee C. ; ‘ : 
7 + ane E if 
Bape) 
ace, oO 
teFai: NY u 
ey ee a 
SRT 
Paha ts 5 
Ne 
s Bes tl 
St waieinoye 
ee P 
“alee Roe th 
ene ie ce 
lye re) 
Re bet 
See iis n 
Se Besa ae : 
ee ti 
gee “a f 
same 
see t 
Ss Geet Po 
pet c 
a 
abe ey T 
BISy see (7) Vv 
cet A ARS 
| Se seas E t 
eae fae sr ‘ 
7 pees 
| ara 
Sue Pia ah 
Sa 
= dee 
ms n 
Ra 
rea: Dy: C 
ay ee t 
il een : 
‘ii pie ee 
3 ae eLes. 
ra ee tele 
Ago P 
Pore 
ol eae } 
Waa eS) 
la Ai 
ee 
ahs Weise 
Aptate 
fod Pet at 
SS, atone 
eS bees 
Ad Peer ' 
ae ; 
2 Fas ae 
Deady ANS 
whee ! 
Ber) by | 
Tra peewee 
rel Se 
pee Risa 
Testa ae 
Leh [on agg 
ai Bie = Fs 
ASU 
pM ieltel 
iter ae | 
biel & eg s | 
ike Abie i) | 
see 
ed 
2 ~ yA 
vier re t es } | 
es | ae 
Se 
fi fie 
= s aa 
he | 
ai | ea 
jah 
Set el aks 
aha 
eae , 
Beal b> ita 
et. | eee ae 
gas ca eee b 
ore oon at) p 
aA.) of Ree 
he fe ba 
Sets ste 
9 ia Be 
= od ee 
Uh enon 
a en 
rad Bee 
ves ty Rade 
ye cars } 
mete gl 
: 2 BA ci Re dy oe a Slee ee ee tee as ee eee rae oy rT : sara eee =e, 
sa es, eae b Boy Fao ae e WAR | Soe Paes Sea Ae. ; ere Pere Pe 
PG ie ae SERS Fg i Sey eB.” Ra a ie Ey Se Sate 


. 


JULY 1940 — VOL. 21, NO. 7 


281 


A Method of Studying Soil Packing by Tractors 


By I. F. Reed 


MEMBER A.S.A.E. 


OIL packing produced by tractor wheels or tracks has 
been a topic of discussion since the advent of the 
tractor, and nearly every new type of wheel tread and 

track developed has been the subject of various claims of 
greater traction with less packing. Most of these claims 
have been unchallenged, as no satisfactory and easily 
applied method had been developed for measuring the 
relative compaction of the soil. The methods of determin- 
ing the volume weights for layers of soil under the track, 
of the soil fixation used by Misenko'* and of driving piles 
used by Heath* should give accurate data, but all are slow 
and laborious. Culpin* tried shooting lead bullets into the 
soil. One recently developed device is designed to measure 
the penetration of a tapered rod when dropped from a 
predetermined height, and other units have been designed 
to push a probe into the soil with a fixed force. All of 
these methods use the depth of penetration as an index of 
compactness and are apparently unduly affected by hard 
layers in the soil. They give a composite value to the depth 
of penetration, but they do not indicate the condition that 
might go to make up this result, and they give no indica- 
tion of conditions below. Culpin* developed an apparatus 
for forcing a probe into the soil at a nearly constant rate 
to any desired depth. The probe is forced down by cali- 
brated springs whose deflections are recorded on a strip 
chart, thus giving an indicator type chart for each test. 
This unit is light in weight, easily operated and produces 
very satisfactory measurements, but has the disadvantage 
that the movement of the probe is retarded by the amount 
the springs are extended. This may cause considerable 


Presented before the Power and Machinery Division at the fall 
meeting of the American Society of Agricultural Engineers at Chi- 
cago, Ill., December 6, 1939. The author is associate agricultural 
engineer, Bureau of Agricultural Chemistry and Engineering, U. S. 
Department of Agriculture. 


*Superscript figures refer to literature cited at the end of this 
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variation in the speed of penetration when hard or soft 
layers are encountered. 

The soil resistance recorder shown in Fig. 1 was de- 
veloped at the U.S.D.A. Tillage Machinery Laboratory. 
It operates on the same principle as the device — 
by Culpin, but is driven by an electric motor instead of by 
hand ; uses a hydraulic unit for recording the pressures, and 
the length of chart is the same as the depth of test. It is 
heavier in weight, but this is not a disadvantage when 
used at the laboratory as it is mounted on the power car. A 
field unit would necessarily be mounted on transport wheels. 
The probe is forced into the ground at approximately 1-in 
per sec by the electric-motor-driven worm. A hydraulic cell 
is located between the guide arrangement on the lower end 
of the worm and the probe so that the force is transmitted 
through it. The pressures created are recorded on the chart 
to the left of the probe by means of a helical spring pen 
mounting. This arrangement is mounted rigidly on the 
probe guides so that the distance corrected for the arc of 
the pen arm of any point below the base line is the same 
as the depth of the probe. The probe consists of a *g-in 
diameter rod with a 1/,-in diameter head attached to the 
lower end. Cupped, conical, rounded, and flat heads were 
tried. Since there were no significant differences in the 
resistance to the different types, the flat head was used for 
all tests. Culpin* shows that the speed at which the probe 
is forced into the soil affects the resistance in a complicated 
relationship that may be similar to that for plows. This 
variable is eliminated for this study by using one speed for 
all tests. 

In studying the data obtained with any type of unit 
that measures the soil condition by its resistance to penetra- 
tion, a true measure of conditions is not indicated until a 
uniform layer of soil is encountered. Thus, if the lug equip- 
ment compacts the soil behind the lugs, then breaks this 
area loose to form a compacted clod, the compactness of 
this clod is not measured. This could probably be done only 
by careful apparent specific gravity determination for these 
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FIG. 1 (LEFT) THE POWER-DRIVEN SOIL RESISTANCE RECORDER MOUNTED ON POWER CAR. FIG. 2 (RIGHT) IMPRESSIONS PRODUCED IN 
DAVIDSON LOAM BY TRACKS AND BY PNEUMATIC TIRES 
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CURVES COMPARING PACKING EFFECTS 
Fig. 3 (Upper left) Steel tires with 4-in lugs and pneumatic tires on a Davidson loam soil. Fig.4 (Upper right) Same equipment as 
Fig. 3, on Davidson clay soil. Fig. 5 (Lower left) Endless tracks and pneumatic tires on Davidson loam soil. Fig. 6 (Lower right) 
Same equipment as Fig. 5, on Decatur clay soil 


clods. The data obtained with the resistance recorder indi- 
cates the packing effects produced in the area below that 
loosened by the lug equipment. 

The soil used for each test was prepared as uniformly 
as possible by subsoiling to a depth of 11 to 12 in, applying 
moisture if needed, compacting slightly, then leveling. The 
conditions used were comparable to those encountered in 
plowed fields, except that the soil was loosened to a greater 
depth. The tractor to be used was hitched to the “power 
car” through the dynamometer so as to tow this car for 
load. The desired loads were applied by using the brakes 
on the car. A pressure gage in the oil line between the 
dynamometer and recorder on the power car enabled the 
man operating the brakes to keep the load constant. The 
impressions produced in the Davidson loam by the rubber 
tires and tracks are shown in Fig. 2. Speeds for all tests 
were obtained from the dynamometer chart, and the tractor 
used to compare the effects of rubber tires and steel lugs 
was equipped with a device for recording the revolutions 
of the drivewheels for determining slippage. The slippage 
data shown in Figs. 5 and 6 were obtained from counts of 
the revolutions for the wheels and tracks over a measured 
distance. Revolutions of the wheels or tracks over the same 
-_ conditions with no load on the tractor were used as a 

ase. 

The soil resistance recorder was located over the center 
of the impression made by the wheel or track and data taken 


TABLE 1. ANALYSIS OF SOILS 


Percentage 
Organic 
Soil Sand Silt Clay matter SiO,/R,O,* pH 
Davidson Loam 72.8 3.38 23.82 1.18 1.43 5.32 
Davidson Clay 30.0 16.6 53.4 1.62 1.05 5.14 
Decatur Clay 28.1 31.3 40.6 0.98 1.67 5.75 


8Silica-Sesquioxide ratio 


>This soil is actually a loamy sand but is referred to as loam for 
convenience in presentation. 


by running the probe to depth of 12 to 16in. Readings 
were taken on the center line of the impression and by 
increments of 3 in to points 15 in on either side. Duplicate 
readings were taken whenever possible and the data for the 
two sides of the impression were averaged. 


Two series of tests were made. One series compares 
the packing of the soil, measured by resistance to a 1/-in 
probe, produced by a general-purpose tractor equipped with 
steel tires and 4-in spade lugs and with 10.00x36-in pneu 
matic tires. Curves showing the soil resistance under the 
wheel impressions are shown in Figs. 3 and 4. The other 
series compares the packing by two tractors of approxi- 
mately the same weight, one «quipped with 9x24-in pneu- 
matic tires and the other equipped with 6x50-in (ground 
contact measurements) tracks with 114-in cleats. The data 
for these tests are shown in Figs. 5 and 6. The soil type, 
drawbar loads, speed and per cent slip for each condition 
are shown in the figures. Table 1 shows the analysis of the 
three soils in which these tests were made. 

The data in Figs. 3 to 6 are the resistance to the 1/-in 
diameter probe on a plane 5 to 8 in below the surface o/ 
the undisturbed soil. The depth varied with the conditic 
of the soil and was established for each series of tests s» 
that it was just below the loosening effect of the ys 
lug equipment. Various methods of presenting the data, 
including the plotting of isodensity diagrams and the aver- 
aging of the measured resistances to certain depths, wer< 
tried but the method used here appeared to give the most 
representative picture of what took place. 


Both the steel lug and rubber tire equipment increase‘ 
the resistance of the soil to penetration by the probe to 
the entire depth of subsoiling on the plots (12 in), whereas 
the effect for the track unit tapered off at 8 to 10in for 
the conditions of these tests. It was noted in all tests that 
the rubber tires formed a more compact layer of soil imme- 
diately below the lugs than was formed under comparable 
conditions by either the steel (Continued on page 285) 
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Design Problems for Combined 
Crib and Granary 


By Henry Giese 


FELLOW A.S.A.E. 


LTHOUGH corn has for years been the principal crop 
for a group of midwestern states, the challenge of 
adequate construction of corn storage structures 

has been comparatively recent. If the “‘ever-normal granary” 
program does nothing more than teach us that corn de- 
teriorates when not properly stored and that flimsy build- 
ings are expensive storage facilities, it will have accom- 
plished something well worth while. The combined crib 
and granary with storage space for grain over the driveway 
is a typical corn belt structure and commonly found in 
iowa. Several advantages are offered which make it attrac- 
‘ive to the farm operator. One particular feature is the 
covered driveway with inside elevator sheltering both the 
operator and crop while unloading. Spouts from the over- 
head bins make possible the removal of a large portion of 
the grain without hand shoveling, and corn can be shelled 
and elevated directly to the bins, or grain moved from one 
bin to another to aerate and cool it. 

As they have been built, however, a number of prob- 
lems have been all too often overlooked and not adequately 
solved. These structures need to be ruggedly built because 
of the large pressures involved, and because, due to the 
times and methods of filling, the pressures will not always 
be balanced as they are when both cribs and bins are full. 
A crib, when filled with corn, has great stability due to 
the almost unyielding mass it contains. In summer, when 
the bins are full and the cribs empty, a large weight is 
carried on long “‘stilts’” often resulting in a deformed struc- 


Presented before the Farm Structures Division at the fall meet- 
ing of the American Society of Agricultural Engineers, at Chicago, 
lll., December 5, 1939. Journal Paper No. J-724 of the Iowa 
Agricultural Experiment Station, Project 563. The author is pro- 
fessor of agricultural engineering, Iowa State College. 


Fig. 1 (Upper left) A well-braced crib in good structural condition 

after 25 years of service. Fig. 2 (Center left) Lack of bracing per- 

mits a crib to become out of plumb. Fig. 3 (Lower left) X- 

braces in crib broken in one year’s use. Fig. 4 (Upper right) Fail- 

ure of joint at lower end of studs resulting from outward pressure 

of corn. Fig.5 (Lower right) Test of bin partition as a support 
for bin floor 


ture. The structure is also usually made more flimsy be- 
cause of the necessity for leaving spaces between the siding 
boards to permit ventilation and aeration of the ear corn. 

The first requirement of a grain storage building is 
that it provide the necessary conditions for maintaining the 
crop in good condition. As these have been adequately 
covered in other papers, I shall mention only that cribs 
must be well ventilated, including any space above the plate 
line, and at the same time protected against snow and rain. 
They should be made so that rats and mice are discouraged 
from entering. An additional help would be the exclusion 
of birds. The building should be sufficiently rugged to 
withstand successfully the loads imposed, without structural 
damage. Some such cribs have been built. Fig. 1  illus- 
trates a substantial crib in the vicinity of Ames, built in 
1915. It is now in almost its original structural condition. 
As will be observed, diagonal braces let into the studs 
under the siding assist greatly in keeping the walls plumb. 
The inside is literally filled with braces. Few people will go 
to the extent which the owner of this crib did to secure 
structural stability. He may have been repaid at that, be- 
cause from viewing the crib in Fig. 2, we can see that the 
depreciation rate may be high when the only braces used 
are placed on the outside after the crib begins to lean. 
Broken interior braces, Fig. 3, constitute a troublesome 
problem. Repairing them may become an annual problem 
and sometimes they necessitate early removal of the corn 
and reconstruction before it is refilled. Great outward pres- 
sures at the bottom of the crib force the walls outward if 
not well anchored. Posts have been placed on the outside 
of the crib shown in Fig. 4 to prevent failure of the side- 
walls. 

Another problem relates to the comparative capacity 
required for small grain and corn. Most of the combined 
cribs and granaries as now built provide for more grain 
in proportion to the ear-corn storage than will be used on 
farms practicing crop rotations common in the corn belt. 
While many people want a wide driveway, it is my feeling 
that this should be as narrow as possible, consistent with the 
passage of a truck through it. A width of 11 feet accom- 
plishes this and is economical in the use of 12-ft joists over- 
head. A wider driveway not only increases the structural 
problem of supporting tons of grain, but provides more 
grain space than most farmers can use if the crib space is 
adequate for the corn crop. We had one call last year for 
a crib with a 22-ft driveway. The prospective owner was a 
little put out when we suggested that he could get a much 
cheaper machine shed by building it as a separate structure. 

One Iowa State College graduate student, J. B. Richard- 
son, spent considerable time studying the possibilities of 
devising a method of framing which would place the 
weight of the grain in the bins upon the partitions, rather 
than upon the driveway walls, the expected advantage be- 
ing largely in shortening the span of the joists, since the 
bins are usually only about 8 ft long but 11 ft wide. One 
of the several construction types tested by him is shown in 
Fig. 6. There appears, however, considerable difficulty in 
hanging a floor from a bin wall, while to lay it on a par- 
tition is fairly simple. The latter also distributes the weight 
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more uniformly, and by spacing the driveway wall studs 
closer provides the additional supports necessary for the 
diagonal siding. For this reason, the conventional framing 
of bin floor joists from one driveway wall to the other is 
still recommended. . 

A few years ago when working on the first edition of 
the Midwest Farm Building Plan Service, it appeared de- 
sirable to indicate diagonal siding on the outside. One 
could, without traveling far, observe numerous cribs lean- 
ing and out of shape when horizontal siding was used, and 
also other structures diagonally sided which remained true 
and plumb after many years of service. It soon developed, 
however, that this practice was not all gain. Many people 
do not like the appearance of diagonal siding. It does not 
shed rain quite as well as horizontal siding and tends to rot 
at the lower ends because the water is held there. Once 
the ends are decayed, repair is difficult. Some people want 
to side the building tight for a short distance below the 
cornice. Diagonal siding does not lend itself to a satisfac- 
tory joint with horizontal siding at this place. Laying the 
siding diagonally increases the length of span between sup- 
ports. Crib siding must carry a large pressure and is placed 
outside the studs when for structural reasons it should be 
inside. If the studs are placed two feet on centers, neither 
the siding board nor the nail joint is adequate and the studs 
should be placed closer together. Diagonal siding slightly 
increases both the material and labor required. After con- 
siderable thought on the subject and the making of several 
models, it was decided to place the diagonal siding on the 
inside or driveway wall. Here it is just as effective as it 
would be on the outside. Here it does not offend in ap- 
pearance, in failure to exclude rain, nor because of decay. 
Furthermore, since the studs on this inside wall should be 
closer together to take care of the added weight of the 
grain in the bins above, additional supports are furnished 
the siding, enabling both nails and siding board to hold. 
The increased labor or materials necessary when diagonal 
siding is used, is not affected when it is placed inside. 

During recent years, the curved or gothic roof has 
become quite popular on barns and even smaller farm 
buildings. This roof type which as now constructed is 
accomplished by bending laminated beams to a large radius, 
effects economies in materials because of changes in direc- 
tion of the wood fibers to more effectively resist the applied 
loads. Not only is this type of construction pleasing in ex- 
terior appearance, but it also provides interior space free 
from troublesome braces. 

Fig. 6 illustrates a partially completed model of a 
curved-roof crib which it is believed offers some structural 
as well as functional advantages over other current types. 
It should be said, however, that we have endeavored to 
leave the selection of the roof type to the prospective owner 
and have felt our responsibility to end with the providing 
of a selection of plans orthodox in construction specified 
and including each. 

Fig. 7 compares the arrangement and utilization of 
space in the gable, gambrel, and gothic roof types. The 
gable-roofed crib is taken from No. 73221 of the Midwest 
Farm Building Plan Service and the gambrel-roofed crib 
from No. 73222 of the same. I have single-hatched that 
portion available for ear corn storage and double-hatched 
that suitable for storing shelled corn or small grains. The 
open areas are not available for either. 

It will be observed that there is considerable unused 
space in both the gable and gambrel-roofed structures. This 
can be reduced by walling the bins higher as shown by the 
dotted lines. The bins should be covered also to keep out 
birds, as well as husks, silks, and shelled corn which may 
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drop from the elevator. Making the bin narrower at the 
top also facilitates distribution of grain in the bin and 
requires a shorter elevator spout. 


The three buildings were designed to meet essentially 
the same conditions, leaving the choice of roof shape to 
the prospective owner. Some details are fairly well fixed 
by custom or by the demands of service. The angle at 
which an outside elevator will operate is limited and the 
corn will roll back down if the angle is too great. Cribs 
really should be designed with this in mind, since for 
various reasons the inside elevator may not be provided at 
the time of construction, or in some cases not at all. This 
matter becomes a problem in landlord-tenant relationship 
and may be a factor in the ultimate selection of crib type. 
A portable or outside elevator is usually provided by the 
tenant, while the landlord is expected to furnish an inside 
elevator which is fastened to and becomes a part of the 
building. For all practical purposes, the height of a crib 
is not limited by the ability of an inside elevator to raise 
the corn. There is a practical limit, however, due to the 
shattering of grain from the ear in falling. For this reason, 
the three cribs are essentially equal in height. From crib 
floor to ridge, the gable-roofed structure measures 29 ft 6 in, 
the gambrel-roofed one 29 ft, and the gothic-roofed one 
29 ft 9in. A comparison of the cross-sectional area and 
the use of space in each is given in Table 1. 


TABLE 1. CROSS-SECTIONAL AREA OF CRIB AND 
GRANARY IN THREE ROOF PLANS 

Approx. ca 

Per Area pacity in bu 

Gross Total cent above per ft length 

Roof type area Cribs Bin usable usable grain Corn Grain 
Gable 621 296 88 384 62 124 118 70 
Gambrel 644 291 88 379 59 138 116 70 
Gothic 635 373 74 447 72 41 149 59 


Note: Area figures are in square feet. 


The figures in Table 1 should be considered as approxi- 
mations based on preliminary designs which are subject to 
some change. The capacity in bushels assumes 21/) cu fi 
per bushel of ear corn, with no deduction for the spacc 
occupied by structural members. Actually there will b« 
considerable variation from year to year, due to moisture 
content of the corn, amount of silks, husks, etc. It is be- 
lieved that the present gothic roof plan has a better ratio 
of ear corn capacity to small grain capacity as mentioned 
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IG. 6 (LEFT) MODEL OF CRIB AND GRANARY WITH CURVED ROOF AND SLOPING BIN WALLS. FIG. 8 (CENTER) CURVED ROOFED CRIB AND 
GRANARY UNDER CONSTRUCTION. FIG. 9 (RIGHT) COMPLETED CURVED ROOFED CRIB AND GRANARY 


_earlier. The ratios in bushels are approximately gable, 1.7 


to 1.0; gambrel, 1.65 to 1.0, and gothic, 2.5 to 1.0. 


This new arrangement appears to offer a number of 
structural advantages. The stud length may be reduced 
from 16 ft to 10 ft simplifying the structural problem some- 
what. A 2x6-in stud 10 ft in length will carry the out- 
ward pressure of the ear corn without assistance from cross 
braces. A 2x2-in kick plate nailed and glued to the sill, 
as well as above and below the plate, gives greater bearing 
surface to the studs and rafters which are notched to fit it. 
The outward pressure against the curved roof above the 
plate is smaller than would be imposed upon a vertical 
wall, and hence is more easily retained. A dividing _ 
tion midway of the structure gives lateral stability and also 
may facilitate dividing the grain between landlord and 
tenant, especially under sealing programs now in effect. A 
more than usually substantial cross brace is placed on 8 ft 
centers. 

The cover over the bins provides a convenient catwalk 
enabling one to easily and quickly get about in the upper 
portion of the structure with ready access to bins. The 
cribs are close together and easily filled from the centrally 
located elevator head. The sloping bin wall reduces the 
grain capacity and increases the ear corn storage, and hence 
makes for a better ratio of the capacity for ear corn to 
shelled grain. The outward pressure of the grain is also 
reduced; thereby cross bracing is easily provided. If crib 
siding is placed on the corn crib side at the bin wall studs, 
the space between the studs becomes an effective ventilat- 
ing flue to aerate the corn above the plate. Settling of the 
corn after filling leaves an open space next the roof, de- 
creases the thickness of the corn layer, and further facili- 
tates ventilation. 

Three crib sections, side by side, with ventilating spaces 
between, can be used instead of the driveway with overhead 
bins if desired. 

One of the cribs as first described under construction 
is shown in Fig. 8. It will be noted, however, that in this 
case the bin wall sheathing has been placed on the outside 
and not on the grain side as was suggested above. The 
completed structure is shown in Fig. 9. The popularity of 
this type of construction is evidenced by the fact that one 
lumber dealer in Iowa has furnished the material for ten 
of them this year, four of which were built with sloping 
bin walls. If his testimony that, after twenty-five years in 
the lumber business, he finds farmers more interested in 
good construction than ever before is indicative of a trend, 
we have an everincreasing responsibility for providing 
plans which are not only functionally correct but are 
designed and delineated for simplicity of construction, 
economy and effectiveness of materials, and so easily un- 
derstood that rural carpenters will erect them as specified. 


An “ever-normal granary” calls for permanent structures, 


and temporary ones are justified only as an emergency 
measure. 
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A Method of Studying Soil Packing 
by Tractors 


(Continued from page 282) 


lug or track equipment. The resistance data show that the 
relationship between the packing effects produced by the rub- 
ber tires and tracks continued for a range of 3 or 4 in below 
the depth to which the lugs on the rubber tires penetrate. 
They show also that the packing effect as measured by the 
resistance to penetration for steel lug and rubber tire equip- 
ment were approximately equal for the area below the highly 
compacted area produced by the rubber tire. All types of 
traction units caused compression of the soil as much as 
12 to 15 in to either side of the center line of the impres- 
sion at the depths shown. These data check closely with the 
theoretical results expressed mathematically by Doner*. 


CONCLUSIONS 

Preliminary data obtained with a power-driven soil 
resistance recorder indicate that all types of traction units 
pack the soil to a considerable depth, and that this packing 
effect is vectored out appreciable distances beyond the edge 
of the tread impression. It is indicated also that rubber 
tires tend to set up a more compact layer of soil than that 
formed by either steel lug equipment or tracks. 
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Annual Meeting Highlights 


AN intensity of present and impending 
agricultural engineering activity, due 
to the war in Europe, national defense 
preparations, and probably other factors, 
gave even more than the usual businesslike 
tone to the thirty-third annual meeting of 
the American Society of Agricultural Engi- 
neers at Pennsylvania State College, June 
17 to 20. Space permits only brief men- 
tion of some of the high spots. 


Registration of 200 members, 48 students, 
38 guests, 75 women, and 25 children 
accounted for a total attendance of 386. 


An innovation of the meeting was its 
opening with technical division sessions, a 
general session on the afternoon of the first 
day, and holding of the College Division 
session on the closing day. 

General sessions were well attended and 
provided inspiration and food for thought. 
K. J. T. Ekblaw, in his address as retiring 
president, made a plea to younger agricul- 
tural engineers to develop their capacities 
for leadership. Dr. John Lee Coulter, speak- 
ing from his viewpoint as an economist, 
credited much of the economic and social 
progress in the United States to progress in 
the field of agricultural engineering and 
resulting freedom of large numbers of peo- 
ple to apply their energies to matters other 
than the production of food. 

At the second general session Dr. M. L. 
Wilson presented his paper, originally 
scheduled for the Farm Structures Division, 
on “The Cooperation of Industry and Gov- 
ernment in the Advancement of Rural Hous- 
ing and Farm Building.” 

R. W. Trullinger pictured agricultural 
research as a field involving many engineer- 
ing problems and providing opportunity for 
coordination of work by agricultural engi- 
neers and various agricultural scientists. 

Wheeler McMillen, in his forceful style, 
related agricultural engineering to farm che- 
murgy and national defense, particularly in 
connection with domestic production of im- 
portant organic materials. 

In the special national defense session 
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which followed, a number of opinions were 
expressed, and those present indicated a 
desire to have the Council of the Society 
act as a committee on A.S.A.E. and agri- 
cultural engineers’ contributions to national 
defense. 

S. P. Lyle, as toastmaster at the annual 
dinner, explained ‘Pennsylvania prosperi- 
ty,” congratulated the local committee, and 


. introduced the speakers. President Ekblaw 


presented the Cyrus Hall McCormick Gold 
Medai to Col. O. B. Zimmerman; the John 
Deere Gold Medal to W. W. McLaughlin; 
the F.E.I. trophy to the Nebraska Student 
Branch of the Society, represented by Dale 
Cox; and the duties, responsibilities, and 
honors of his office to the incoming presi- 
dent, E. E. Brackett. 

Don Rose, columnist of the Philadelphia 
Evening Ledger, Rose-grower extraordinary, 
and speaker of the evening, presented with 
engaging good humor a simple philosophy 
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of the importance of the unspectacular and 
seemingly trivial day-to-day events of ordi- 
nary decent living. 

Division sessions and committee and spe. 
cial group meetings were held about as 
scheduled, and reflected interest in specific 
phases of agricultural engineering progress 

From the ice-cold punch with which the 
Pennsylvania Student Branch welcomed 
registrants Sunday afternoon and evening, 
to the friendly and complimentary forma! 
welcome by Dr. R. D. Hetzel, president of 
Pennsylvania State College, the accommo- 
dations and assistance shown to individuals, 
and the generous program of entertainment 
offered for all, the local group showed a 
genuine and practical hospitality that kept 
the meeting running smoothly. Even the 
local weather man cooperated quite well. 

Out-of-state folks found the campus a 
place of beauty, of new buildings, and 
magnificent distances. Walks between meet- 
ing places and other attractions, however, 
did not prevent the sessions from being well 
attended. 


Washington 


News Letter 


from AMERICAN ENGINEERING COUNCIL 


DEFENSE PROGRAM BEGINS TO TAKE FORM 


REPAREDNESS for war continues to 

occupy the center of the Washington 
stage as the newly-appointed National De- 
fense Commission, still in the throes of 
organization, begins the tremendous task of 
coordinating a major effort to build up the 
armed forces and furnish an ample supply 
of necessary equipment for their use. As of 
July 1, appropriations already approved 


A.S.A.E. Meetings Calendar 
August 27-30—North Atlantic Section, 
Orono, Me. 


June 23-26, 1941—Annual Meeting, 
Knoxville, Tenn. 


totalled $5,362,319,748, with additional 
amounts still to be acted upon by Congress. 


SUPERVISION OF PROGRAM 


To coordinate this tremendous effort the 
National Defense Commission is rapidly 
perfecting its organization, and the federal 
departments concerned are steadily increas- 
ing personnel. The Commission has named 
a large number of advisory committees rep- 
resenting various sectors of industry, and 
has placed Donald M. Nelson, head of the 
Treasury's Procurement Division, in charge 
of coordinating all purchases. 


LABOR PROBLEMS 
Employment in new fields for thousands 
of men and women naturally gives rise to 


many problems of adjustment that are be- 
ing given careful (Continued on page 288) 
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A.S.A.E. MEMBERS AND GUESTS AT THE ANNUAL MEETING OF THE SOCIETY, AT STATE COLLEGE, PA., JUNE 17-20 
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An Appreciation of Chester Otis Reed 
By Ralph A. Palmer 


HE United States, particularly the State 

of Ohio, lost a truly great teacher and 
agricultural engineer in the passing of Ches- 
ter Otis Reed, June 11, 1940, at Columbus, 
Ohio. 

From a background of boyhood on a 
farm in upper New York State, ‘Chester’’ 
or “C. O.” as he was affectionately called 
by a multitude of friends and associates, 
developed through a succession of agricul- 
tural and engineering studies and teaching, 
research, and other experience, in both pub- 
lic service and commercial fields, to achieve 
a position of recognized leadership in agri- 
cultural engineering and college teaching. 


Combined with a brilliant and stimulat- 
ing intellect, he had a genial, friendly, gen- 
erous, enthusiastic, and cooperative nature, 
a dry humor, and an indomitable spirit 
which kept him looking ahead to the very 
last, in spite of repeated periods of ill 
health and other personal adversity. 

As a teacher he rated high with college 
presidents and other leading educators, and 
with his students. For two successive years 
he was voted, by a large majority of repre- 
sentative upperclassmen, the most interesting 
teacher in the agricultural college of Ohio 
State University. He felt and lived up to a 
sense of responsibility to contribute to the 
well-rounded development as well as the 
technical instruction of his students. A full 
schedule and large responsibilities never 
kept him too busy to give time to helping 
them individually with personal problems. 
Many of them continued to feel, after gradu- 
ation, that they were still students of his, 
and called on him whenever possible to re- 
new the inspiratidh gained from contact 
with him: 

Throughout his whole career he relin- 
quished his teaching responsibilities only for 
a few years, during which he proved to the 
satisfaction of himself and others that he 
could also succeed in commercial adminis- 
trative work. Then he returned to teaching 
by choice and with the conviction that it 


CHESTER OtTIs REED 


was the most important work to which he 
could give his life. Thereafter he refused 
attractive offers of administrative positions 
in both commercial and educational organi- 
zations in order that he might be free to 
continue in his chosen work of active teach- 
ing. While he taught with the apparent 
ease of a master of the art, he was also a 
keen student of the science of teaching and 
a leader in the development and application 
of progressive methods. His proficiency as a 
teacher also showed up in whatever exten- 
sion duties came his way. 

As an agricultural engineer, his specialty 
was field machinery, but he kept himself 
well-informed, maintained a broad and 
progressive outlook, and proved a competent 
adviser on all branches of agricultural engi- 
neering. His measure as an engineer showed 
up in his rare combination of ability to be 
intensely practical in matters of administra- 


LADIES PRESENT AT THE ANNUAL MEETING OF THE A.S.A.E. THEIR PROGRAM INCLUDED A 
FULL SCHEDULE OF SOCIAL, SIGHTSEEING, EDUCATIONAL, AND ENTERTAINMENT FEATURES 
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tion, and fundamentally scientific in ques- 
tions of research. 


In the A.S.A.E., Mr. Reed’s membership 
dates back to 1909, while he was still an 
undergraduate. In 1912 he served as its 
secretary, and since that time had served 
almost continuously on one or more com- 
mittees of the Society, including, at various 
times, the Council, the College Division 
Advisory Committee, and other standing and 
special committees too numerous to mention. 

The Cyrus Hall McCormick Medal of the 
Society was awarded to Mr. Reed in 1937 
for “exceptional and meritorious engineer- 
ing achievement in agriculture,” during a 
career of more than 25 years. Two of his 
most outstanding contributions to agricul- 
ture, in addition to his teaching, were the 
result of his work on European corn borer 
control and on fertilizer placement. Some- 
thing of his character is reflected in the fact 
that, in accepting the award, he generously 
and sincerely gave much of the credit to his 
associates. His address as recipient of the 
reward was a masterful presentation of his 
views on agricultural engineering problems 
and opportunities. 

The passing of Mr. Reed is the loss of a 
friend to all who knew him, and an abrupt 
end to a flow of ideas, inspiration, and 
accomplishments from a fertile mind and a 
fine character. He always saw work ahead 
that needed to be done, but before going to 
his final rest, he did much to make it easier 
for others to carry on. He influenced the 
immortal stream of humanity; but in keep- 
ing with his common touch and selfless 
nature it is perhaps most fitting to remem- 
ber him as having been “a man among 


men. 


BIOGRAPHICAL DATA 


Chester Otis Reed was born at Gates, 
New York, July 26, 1885, and lived on a 
farm until 1904. From 1907 to 1911 he 
studied agriculture and engineering at the 
University of Illinois, graduating in the 
latter year with a bachelor of science degree 
in agriculture. He started his professional 
career immediately as instructor and exten- 
sion specialist in field machinery at his 
Alma Mater. In 1917 he entered commer- 
cial work as agricultural representative of 
George Batten Company ; became advertising 
manager of the Samson Tractor Company 
(division of General Motors Corp.) ; was 
elevated to head the company’s bureau of 
investigation and research and made a 
member of its executive council in 1920; 
and later in the year, division sales manager. 
In the fall of 1922 he went to Ohio State 
University as assistant professor of agricul- 
tural engineering, and was raised to the 
rank of professor the following year. In 
succeeding years he also taught in various 
summer schools, was coorganizer of the corn 
borer cleanup campaign in 1926, and acted 
in a consulting capacity on various other 
projects. He married Helen Gertrude Agate 
in 1914 and had two children. He is sur- 
vived by his widow and one daughter, Joan. 

While an undergraduate he was admitted 
to the honorary fraternity Alpha Zeta and 
the professional fraternity Alpha Gamma 
Rho and on graduation he joined Gamma 
Alpha. He belonged, also, to the scientific 


and honor societies Sigma Xi and Gamma 
Sigma Delta. 
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Washington News Letter 
(Continued from page 286) 


consideration. Engineering schools will be 
called upon to give short courses in drafting, 
surveying, and other applicable techniques. 


OTHER FEATURES OF THE PROGRAM 

Among the innumerable channels in which 
the defense effort is being exerted a few 
may be mentioned of particular interest to 
engineers: 

The Treasury has been voted $47,500,000 
for the acquisition of strategic materials and 
minerals in which shortages are apt to de- 
velop. The Reconstruction Finance Corpora- 
tion, as already noted, has also been author- 
ized to make loans for a similar purpose, 
and has announced its intention of imme- 
diately purchasing 150,000 tons of rubber 
and 75,000 tons of tin to be held in reserve. 

President Roosevelt has asked for the ap- 
propriation of $25,000,000 for the installa- 
tion of additional generating facilities in 
the Tennessee Valley Authority system. 

The Commissioner of Patents has been 
authorized to withhold the granting, and 
hence the publication, of patents on devices 
relating to national defense. 

The Census Bureau will give priority to 
the production statistics useful in defense 
in analyzing returns from the 1940 census. 

Plans for the utilization of existing meth- 
ods of communication for military purposes 
in case of war, and for the suppression of 
“fifth column” by radio amateurs, are being 
prepared by the Federal Communications 
Commission, 

A National Defense Research Committee, 
headed by Dr. Vannevar Bush, president of 
the Carnegie Institution, has been organized 
“to accelerate the creation or improvement 
of instrumentalities for national defense.’’ 
One of its problems will be the question of 
publishing the results of scientific investi- 
gations that might react to the advantage of 
a potential enemy. 


AGRICULTURAL ENGINEERING 


Personals 


C. F. Kelly is the writer of U.S.D.A. 
Circular No. 544, on “Methods of Venti- 
lating Wheat in Farm Storages.” 


John W. Randolph, I. F. Reed, and E. D. 
Gordon are coauthors of “Cotton-Tillage 
Studies on Red Bay Sandy Loam,” which is 
published as Circular No. 540 of the U. S. 
Department of Agriculture. 


H. P. Smith was awarded his profes- 
sional degree in agricultural engineering at 
the spring commencement exercises of the 
Texas A. and M. College. A column-length 
story of his training, experience, and pro- 
fessional activities was published in the 


Byran (Texas) Daily Eagle of June 1. 


Applicants for Membership 


The following is a list of applicants for mem- 
bership in the American Society of Agricultural 
Engineers received since the publication of the 
June issue of AGRICULTURAL ENGINEERING. 
Members of the Society are urged to send infor- 
mation relative to applicants for consideration 
of the Council prior to election. 


S. J. Baldwin, 5704 Hudson St., Dallas, 
Tex. 

Clarence J. Bergschneider, student trainee, 
International Harvester Co. (Mail) Center, 
Mo. 

Dan B. Billington, junior agricultural 
engineer, Soil Conservation Service, U. S. 
Department of Agriculture. (Mail) Box 
1085, Elkins, W. Va. 

L. B. Bryan, camp agricultural engineer, 
Soil Conservation Service, U. S. Department 
of Agriculture. (Mail) 619 S. Elm St., 
Ottawa, Kans. 

Wallace J. Campbell, Rising Fawn, Ga. 

W. E. Carroon, assistant agricultural 


engineer, Soil Conservation Service, U.S. 
Department of Agriculture. (Mail) 221 S. 
Miranda St., Las Cruces, N. M. 

R. Barry Cecil, retail and service, J. W. 
Darden & Son. (Mail) Gallatin, Tenn. 


George A. Crabb, Jr., assistant engineer- 
ing aide, Soil Conservation Service, U.S. 
Department of Agriculture. (Mail) Spartan- 
burg, S. C. 

George W.. Crowther, extension instructor, 
agricultural engineering department, Cornel! 
University, Ithaca, N. Y. (Mail) 209 Col- 
lege Ave. 

John F. Cykler, repair man, Minneapolis- 
Moline Power Implement Co. (Mail) 3160 
California St., Huntington Park, Calif. 

Wendell C. Dean, sales promotion, 
Aermotor Co., Chicago, Ill. (Mail) 1344 
Argyle Ave. 

Paul C. Dillon, International Harvester 
Co. (Mail) 126 Groveland Pl., San An- 
tonio, Tex. 

Henry L. Espensen, West Branch, Iowa. 

James L. Gattis, Pottsboro, Tex. 

Roy W. Godley, agricultural counsellor, 
Monongahela West Penn Public Service 
Co., Bethlehem Bldg., Fairmont, W. Va. 

Glenn W. Grubb, junior agricultural 
engineer, Soil Conservation Service, U. S. 
Department of Agriculture. (Mail) Box 
132, Ripley, W. Va. 

R. L. Hearon, Bishopville, S. C. 

Clyde H. Emmons, Box 5397, College 
Station, Tex. 

Roger C. Johnson, patent lawyer, Deere 
& Co., Moline, Ill. (Mail) Box 272. 

Walter H. Kendall, sales representative, 
Frick Co. (Mail) Shelburne, Vt. 

Leo W. Larsen, Coleman, S. D. 

C. Blaine Lytle, rural supervisor, Monon- 
gahela West Penn Public Service Co. 
(Mail) Parkersburg, W. Va. 

W. L. MacArthur, automotive engineer, 
Standard Oil Co. (Mail) 836 W. Macon 
St., Decatur, Ill. 

James E. McCay, Box 53, Ila, Ga. 

William E. McCune, J. 1. Case Co. 
(Mail) 3422 Wabash, Kansas City, Mo. 

Bruce McDonald, 112 S. 5th St., Mo- 
berly, Mo. 

Melvin C. Miller, junior agricultural engi- 
neer, Soil Conservation Service, U. S. De- 
partment of Agriculture. (Mail) Box 425, 
Lewisburg, W. Va. 

John B. Mitchell, 85 St. Dunstans Rd., 
Asheville, N. C. 

Erling J. Nossum, Milnor, N. D. 

W. H. Parady, utilization specialist, Ru- 
ral Electrification Administration, U. S. De- 


partment of Agriculture. (Mail) Monroe, in 
Ga. 
Robert A. Parmele, experimental depart- | al 
ment, Dain Manufacturing Co., Ottumwa, } St 
Iowa. (Mail) 117 E. Court St. ss 
Richard L. Patrick, engineer trainee, Ru- all 
ral Electrification Administration, U. S$. De- 
partment of Agriculture, Washington, D. C sh 
T. L. Reeves, assistant county agent, 
Greensboro, N. C. (Mail) 403 W. Sycamore | pa 
St. 
Glenn E. Saha, assistant agricultural engi- res 
neer, Iowa State College, Ames, Iowa. 
(Mail) 405 Hayward St. Tie 
Edwin I. Shanfeld, Pulliam Bros. Ter- 
race Contracting Co. (Mail) 7412 Buck- | po 
ingham St., St. Louis, Mo. 
William E. Skelton, RR No. 2, Black- op 
stone, Va. i 
R. M. Tarbell, power machinery mana- dis 
ger, John Deere Plow Co. (Mail) 125 Mar- 
cellus St., Syracuse, N. Y. ob 
Nelson W. Taylor, state community ser- 
vices specialist, Farm Security Administr2- an 
DOING THE HONORS AT THE ANNUAL DINNER tion, U. S. Department of Agriculture. . 
(Upper left) President Ekblaw presents the Cyrus Hall McCormick Gold Medal to Col. (Mail) Box 678, Morgantown, W. Va. | 
O. B. Zimmerman. (Upper right) Presenting the John Deere Gold Medal to Walter W. Thomas H. Weeks, Chamberlain, S. D. for 


Homer D. Witzel, agricultural engineer, 
Gehl Bros. Mfg. Co., West Bend, Wis. all 
(Mail) 201 N. Randall. 


McLaughlin. (Lower left) The F.E.1. Trophy being presented to Dale Cox, representative 
of the Nebraska Student Branch. (Lower right) President Ekblaw congratulates and turns 
over his office to E. E. Brackett 
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fuel aryection 
equipment steels! 


DER 1,500 times mag- 
nification, an object 10 
inches high would appear 
almost as tall as the Empire 
State Building. The Met- 
allographical Microscope, 
shown in use here, is ca- 
pable of this degree of 
resolving power. (The dic- 
tionary says resolving 
power is “‘the ability of an 
optical instrument to form 
distinguishable images of 
objects separated by small 
angular distances.’’) 
The operator is looking 
for inclusions, “‘dirt,”’ in 
alloy steel to be used for 
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making ‘‘Caterpillar’’ Diesel 
fuel injection equipment. 
Magnification: 100 times. 

Specimen bars, standing 
on end upon the table, have 
been taper ground and 
etched, for re-examina- 
tion—to determine if any 
inclusion or ‘“‘dirt”’ has 
elongated in rolling. Steel 
has to have high cleanli- 
ness and freedom from 


any harmful inclusions to 


be approved for use in 
‘Caterpillar’? Diesel fuel 
injection equipment. For 
the precision fit of a fuel 
pump plunger results from 
holding the limit of toler- 
ance within plus or minus 
twenty-five millionths 
(0.000025) of an inch! Lead- 
ership is ‘‘Caterpillar’s” 
reward for such precision! 


ATERPILLAR 


TRACTOR CO. - PEORIA, ILLINOIS 


DIESEL ENGINES 


TRACK-TYPE TRACTORS 


TERRACERS 
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Agricultural Engineering Digest 
A review of current literature by R. W. TRULLINGER, assistant chief, Office of Experi- 7 
ment Stations, U. S. Department of Agriculture. Copies of publications reviewed may be om 3 
procured only from the publishers thereof, whose names and addresses may be obtained aa 
on request to AGRICULTURAL ENGINEERING, St. Joseph, Michigan a 
- 
TTT TLC LULL LLE LULL LULU LUCCA LLL LLL LLL LLL LLL LLL CLL PELL ELLUM CALCULA LLL LOCC MOCLLMAUUMHLILUTLOLU TULLE UCOLLLLU LLL LULLLULLULPLLLLoLLL ALLL LLLL koh ‘a 
“a 
: ¥ 
LIFE, SERVICE, AND Cost OF SERVICE OF PNEUMATIC TRACTOR supplementary information concerning the measurement of the a / 
Tires, E. G. McKibben and J]. B. Davidson. lowa Sta. Bul. 382 capacity of a reservoir (appendix A), the staking out of a small = 
(1939), pp. 165-186, figs. 5. Cooperators using a total of 199 earth Jam (appendix B), and the calculation of the runoff from ea 
sets of pneumatic tractor tires reported reduced fuel and labor watersheds of various sizes (appendix C). : 
requirements; higher speeds; easier operation on hard surface This circular is a revision of Bulletin 301. % 
roads; less damage to farm roads, lanes, meadows, and pastures; 4g 
decreased tractor breakage and wear; and greater comfort. These AGRICULTURAL ENGINEERING INVESTIGATIONS AT: THE SOUTH a 
users were located in 73 counties and represent the equivalent of Dakota STATION, South Dakota Sta. Rpt. 1939, pp. 41, 49-51, ES 
381 years of individual observation. 


The use per year reported ranged from 240 to 3,000 hr, with 
an average of 984hr. Hauling constituted, on the average, about 
4 per cent of the use of rubber-tired tractors, varying from 0 to 
75 per cent, with an apparent tendency to increase. Considerable 
variation in the rate of tire wear was reported, and the necessity 
of avoiding excessive slippage was frequently emphasized. Annual 
maintenance costs were found to average 28 cents per set per year, 
although in individual cases annual costs averaged as high as $5. 
The estimated useful life varied from 3 to 15 yr, with an average 
of 7yr, and the estimated useful hours of use averaged 6,765. 
Estimated fuel savings for the same work ranged from 0 to 50 
per cent, average 22 per cent. An average labor saving of 23 per 
cent was reported, with the range from 5 to 50 per cent. The use 
of a higher gear for most field operations was reported by 54 per 
cent, and 93 per cent used a higher gear for at least one important 
implement. The use of machines of greater operating width was 
reported by 40 per cent. High lug treads were reported as being 
generally more satisfactory, particularly for adverse traction con- 
ditions. All but 3 of the 40 users who had tried water as a sub- 
stitute for cast iron wheel weights were satisfied with the plan. 


Disadvantages reported were higher first cost, possibility of 
delay and expense from accidental damage, expense of equipping 
at least part of the drawn equipment with rubber tires, lower maxi- 
mum drawbar pull under many conditions, excessive bouncing 
under certain conditions, more objectionable tracks in loose tilled 
soil, and decreased stability for belt work. Over 98 per cent of 
the users, however, were satisfied with the performance of pneuma- 
tic tractor tires. 


The authors note that the most effective use of a rubber-tired 
tractor requires the highest practicable speed, the widest imple- 
ment which can be pulled satisfactorily by the engine and tires at 
this speed, and enough wheel weight to provide effective traction. 


EROSION LOSSES FROM A 3-Day CALIFORNIA StoRM, J. G. 
Bamesberger. U. S. Dept. Agr., Soil Conserv. Serv. (1939), pp. 
23, figs. 32. The extent of erosion was measured, and the type of 
treatment of the land, the kind and condition of cover, slope, soil 
type, condition of soil, and previous conditions of erosion were 
recorded. Measurements of the size of new gullies, erosion in the 
old gullies, the area covered by deposits, the depth of the over- 
wash, and the extent of landslips were also made. The number 
of new gullies and landslips was recorded. The report contains 
measurements on gullies and deposition in the Las Posas project 
area and observations of landslips, particularly in the La Habra 
area. A pictorial section follows the report. 


SMALL RESERVOIRS FOR STOCK WATER AND IRRIGATION, O. W. 
Monson. Montana Sta. Cir. 154 (1939), pp. 33+ [1], figs. 16. 
The need for artificially made stock-water reservoirs arises from 
the often excessive distances between natural watering places, and 
the need of artificial reservoirs for irrigation purposes comes of 
the character of the natural runoff of the State, which is such that 
excessive flows of water, reaching flood stages, occur frequently 
during May and June, followed by drying up of streams to such 
a degree as to cause serious water shortage in July and August. 
Differences, often reaching 400 per cent, in the runoff from the 
same watersheds in two consecutive years add to the urgency of the 
Spee of which a suggested solution is control of all streams 

y constructing dams and reservoirs which will store the runoff 
for stock water and irrigation. 


This circular deals with the location, design, and construction 
of small earth dams and the costs of such works and contains 


fig. 1. This report contains notes on experiments with the rammed 
earth construction for a brooder house for chicks, by W. E. Poley 
and R. L. Patty; rammed earth walls, with and without protective 
covering with plaster panels, for farm biuldings, by Patty, H. M. 
Crothers, and H. H. DeLong; comparison of galvanized with 
painted steel fence posts, by Patty; use of rubber tires on farm 
vehicles, by DeLong; and hitches for tractors and large horse 
teams, by D. E. Wiant, Patty, and DeLong. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE ILLINOIS 
STATION. (PARTLY Coop. U.S.D.A. ET AL.) Illinois Sta. Rpt. 1937, 
pp. 236-262, figs. 5. The following captions indicate the scope of 
this work: Studies indicate rural use of electric power, by E. W. 
Lehmann and A. L. Young; weather influences proper operation of 
septic tanks, by Lehmann and A. M. Buswell; light oils give bet- 
ter lubrication in gasoline tractors and rubber tires and high com- 
pression prove success on tractor, both by R. I. Shawl; cost re- 
duction factor is studied in drainage maintenance, by J. G. Sut- 
ton, H. D. Fritz, and Lehmann; terraces easily made and worth 
more than their cost, by Lehmann and R. C. Hay; small combines 
have relatively more threshing capacity, by Young, P. Bateman, 
and W. M. Hurst; best power and machines for soybean produc- 
tion studied, by H. P. Bateman and Lehmann; seed corn vitality 
increased by drying procedures, by Lehmann, R. H. Reed, W. L. 
Burlison, and G. H. Dungan; underground pipes may improve 
stationary spraying plant, by Lehmann, Reed, H. W. Anderson, 
and R. L. McMunn; some pipes withstand apple-washing solutions, 
by Reed; fuel gas from ground soybeans not feasible, by H. P. 
Rusk, Buswell, Lehmann, E. E. DeTurk, and L. J. Norton; several 
new plans for farm buildings are now available, by W. A. Foster; 
four conclusions reached on grain storage problems, by W. Ashby, 
T. Cleaver, and Foster; and improved seed cleaning sought as aid 
in weed control, by Lehmann, C. W. Veach, and L. V. Sherwood. 


THE GLUED LAMINATED WOODEN ARCH, T. R. C. Wilson. 
(Coop. Univ. Wis.) U. S. Dept. Agr., Tech. Bul. 691 (1939), 
pp. 123, figs. 73. Wood has the necessary tensile and compressive 
strength and bending resistance, but its use in arches has been 
retarded because ribs of the necessary size and curvature can b< 
formed only by assembling pieces sawed to shape or by superim- 
posing bent layers or laminae. In the first type the assembly is 
weakened by the necessary joints and by nonparallelism of wood 
fibers to the axis; in the second, available mechanical connections 
such as nails, screws, bolts, or dowels permit sliding of one 
lamina on another, and the assembly of laminations does not act 
as a unit. Efficient laminated wooden arch ribs and other mem- 
bers are now made available, however, through the use of glues 
of proven durability to bond laminae together as a unit so that 
resistance to sliding or shear is as great between the layers as 
within the wood itself. 

This bulletin discusses recent research on the strength of glued 
laminated construction conducted at the Forest Products Laborator\ 
and presents recommendations for specifications and design stresses 
together with other information for engineers, architects, and 
builders. Much of the information applies to other structural mem- 
bers, such as straight, cambered, or curved beams and curved 
chords for trusses, as well as to arches. Framework arches are no! 
considered, however. 

In all curved glued laminated structural members considered in 
this bulletin thickness of laminations is so adjusted to the curva- 
ture that steaming or other softening treatment as used in bending 
wood for other purposes is not required, and bending and gluing 
are done in one operation. Straight glued laminal structural mem 
bers are also taken up. (Continued on page 292) 
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® No other single factor has meant so much in 
modern developments and improvements as 
dynamite, whose power makes vital metals eco- 
nomically possible. 


REG. U.S. PaT OFF 


© Visit the Du Pont Building, New York World’s 
Fair...and the Du Pont Exhibit at the San Fran- 
cisco Golden Gate Exposition. 


Y OU accept as a matter of course the efficient performance 
of modern farm machinery. Its operation simplifies farming 
and reduces the cost of production. 


BUT. . . do you ever consider the vote of thanks we owe to 
dynamite? Do you realize you have to thank dynamite for farm 
machinery, concrete structures, modern highways and electrical 
equipment? 

Truly, dynamite built America. Its mighty, mobile power 
brings down the ore used by industry . . . quarries the rock 
used for millions of tons of concrete. 


Without dynamite to mine the ore for metals, you’d have no 


machinery, no automobiles, no radios —none of the modern 
utilities which contribute to profitable farming. 


Dynamite demonstrates its efficiency on the farm by blasting 
new and maintaining old drainage ditches, removing stumps 
and boulders to permit the use of farm machinery and to do 
many other time- and-money saving jobs. 


If you’d like practical information regarding the use of ex- 
plosives on the farm, please address your inquiries to E. I. 
du Pont de Nemours & Company, Inc., Explosives Depart- 
ment, Wilmington, Delaware. 
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Agricultural Engineering Digest 
(Continued from page 290) 


REPORT OF THE CHIEF OF THE BUREAU OF AGRICULTURAL 
CHEMISTRY AND ENGINEERING, 1939, H. G. Knight. U. S. Dept. 
Agr., Bur. Agr. Chem. and Engin. Rpt. 1939, pp. 98. This first 
report of the newly constituted Bureau includes food research on 
vegetables and vegetable processing, citrus, apple, and other fruit 
products, the baking and staling of bread, rancidity of vegetable 
oils, composition of wildrice, eggs and egg products, enzymes, 
composition and properties of naturally occurring fat acid gly- 
cerides, flavor of Montmorency cherry juice, physiological investi- 
gations of phenothiazine and other insecticides, chronic toxicity of 
cadmium, chemistry of tobacco mosaic virus, the preservation of 
biological specimens, and the removal of hulls from sticktight wal- 
nuts; carbohydrate research with sugarcane and cane sugar, beet 
sugar, farm-made sirups, honey, starch extraction from sweet- 
potatoes, and hemicelluloses; oil, fat, and wax investigations with 
stillingia oil, ben or moringa oil, and the deterioration of tung nuts 
in storage; protein research on the digestion of casein with trypsin 
and the consequent liberation of cystine, zein and other proteins 
in corn, effects of storage on proteins of grains and seeds, selenium 
in toxic plants, and effects of raw soybean meal on vitamin A; 
allergen investigations with cottonseed and cotton products; hides 
and skins, tanning materials, and leather; bagasse molding pow- 
ders; lignin, hemicelluloses, and lignocelluloses; fermentation in- 
vestigations with Rhizopus oryzae, Aspergillus niger, and Aceto- 
bacter; chemical conversion of oils, fats, and waxes; ———- 
of plastics; utilization of soybeans and soybean products; produc- 
tion and use of sodium chlorate; naval-stores research; fertilizer 
research; and engineering research. 


ENGINEERING MANUAL.—SECT. I, JoB PLANNING AND ESTI- 
MATING IN LAND DEVELOPMENT, T. B. Chambers. U. S. Dept. 
Agr., Soil Conserv. Serv. 1939, SCS-EP-16, pp. 39. This manual 
contains instructions, methods, and data for planning and organiz- 
ing construction on Soil Conservation Service and land-use develop- 
ment projects and for estimating costs, most of the data applying 
to such works as buildings, dams, roads, bridges, water supply, 
and sanitary systems. These data have been prepared primarily to 
facilitate job planning but “may also be valuable reference material 
for the preliminary estimating required in connection with pre- 
paring initial project development plans and current work pro- 
grams or revisions thereof.” 


RUBBER-TYRED FARM VEHICLES, W’. S. Lockwood. Brit. Rub- 
ber Pub. Assoc., Rubber and Agr. Ser. Bul. 12 (1939), pp. 
{1} + 12, figs. 6. The claim is made that normally one horse, 
mule, or other animal can readily pull on low-pressure tires what 
would require a team on steel. Some other advantages noted are 
that ground which cannot be traversed with iron-wheeled wagons is 
easily crossed on rubber tires; that larger loads can be carried 
smoothly and speedily, with particular advantage in the handling of 
perishable products, livestock, etc.; that wheel maintenance charges 
are reduced, and the wagon itself is protected from the bad effect 
of jolts and jars; that the ground and grass or other cover crops 
are not damaged by ruts; that such equipment provides much 
greater comfort for the driver; that new and improved designs of 
wagons of lighter construction and larger capacity, incorporating 
a lower loading line, are practicable; and that the farm wagon 
can be readily converted to a tractor trailer. 


RAINFALL AND DISCHARGE RECORDS FOR NORTHERN IOWA 
DRAINAGE Districts, W’. J. Schlick. Iowa Engin. Expt. Sta. Bul. 141 
(1939), pp. 72, figs. 44. This study of rainfall and drainage dis- 
charge was undertaken (1) to determine the rates of runoff for which 
drainage districts in northern Iowa should be designed and (2) to 
study the changes which extensions of farm-lateral systems produce 
in the discharge characteristics of such districts. The field data in- 
clude rainfall and discharge records for each season, April to Octo- 
ber inclusive, in the 13-yr period, 1920-32, for three districts with 
drainage areas of 12, 25, and 35 sqmi (including two tile-lateral 
areas of 4.5 and 1.25 sq mi), the dredged channel for the west fork 
of the Des Moines River with a drainage area of 2,190 sq mi, and a 
tile district of 3.5 sq mi without surface inlets. Frequency studies 
of rainfalls and of peak rates of runoff by the station-year method 
were also carried out, and the results were used as a basis for 
evaluating the discharge data. 

The extensions of farm-lateral systems were found not sufficient 
to permit conclusions concerning their effects upon the discharges 
from the various districts. The data contribute to the information 
concerning the probable magnitudes and frequencies of maximum 
rainfalls and discharges from drainage districts and the frequen- 
cies, volumes, and durations of excesses in discharge above selected 
design rates of runoff. 


AGRICULTURAL ENGINEERING 


THE THERMAL CONDUCTIVITY OF Dry SolLs OF CERTAIN OF 
THE GREAT Soi, Groups, W. O. Smith and H. G. Byers. 
(U.S.D.A.) Soil Sci. Soc. Amer. Proc., 3 (1938), pp. 13-19, figs. 
3. The authors describe an apparatus for determining the thermal 


Q/At 
, of a soil sample held 
T.-T./d 

in the form of a slab of uniform thickness (¢) and exactly deter- 
mined area (A) between cold plates of controlled temperature (T:) 
and a heated plate of which the temperature (T2) and energy sup- 
ply can be measured accurately, so that the quantity of heat (Q) 
passing during a determined time interval (¢) may be calculated. A 
diagrammatic drawing and photograph indicate the general nature 
of the setup. Data for a number of soils are given, and, although 
it is pointed out that ‘exact mathematical treatment of the prob- 


lem of heat transmission in a porous body is difficult,” an approxi- 
mate relation is derived. 


conductivity, &, in the equation & = 


Crops AGAINST THE WIND ON THE SOUTHERN GREAT PLAINS, 
G. K. Rule. U. S. Dept. Agr., Farmers’ Bul. 1833 (1939), pp. 
{4] + 74, figs. 44. The agricultural history of the Great Plains 
area is outlined, with special reference to the factors, such as over- 
grazing, improper tillage methods, inadequate moisture conserva- 
tion, and the plowing up of soils climatically or otherwise ill- 
adapted to cultivated crops, which have contributed most import- 
antly to the development of wind-erosion and duststorm hazards. 
The usually recommended present methods of soil and moisture 
conservation are discussed, together with the tillage implements 
best adapted to the work. Both crop management and range 
management are taken up. 


LAND DRAINAGE AND RECLAMATION, Q. C. Ayres and D. 
Scoates. New York and London: McGraw-Hill Book Co., 1939, 
2. ed., pp. XI-+ 496, figs. 316. This is a revision of a work 
previously noted. The introduction has been entirely rewritten, 
the chapter on land clearing has been shortened, that on erosion 
control has been expanded into three chapters, and minor addi- 
tions of new material and illustrations have been made throughout 
the book, including a discussion of soil-conservation districts added 
to the chapter on drainage districts. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE WASH- 
INGTON STATION. (Partly coop. U. S. D. A. et al.) Washington 
Sta. Bul. 384 (1939), pp. 11, 12, 80, 81. The use of electricity 
in Washington agriculture is reported upon by L. J. Smith and 
H. L. Garver, and cold-storage investigations (including studies of 
the community locker type cold-storage plants) are also noted by 
Smith. Time of irrigation and the quantity of water used, and 
methods of irrigation are briefly discussed by H. G. Nickle. 


SoIL INVESTIGATIONS AT THE WASHINGTON STATION, (Partly 
coop. U. §. D. A. et al.) Washington Sta. Bul. 384 (1939), pp. 
17-22, 86-92. Notes on fertility investigations of Washington soils 
are contributed by L. C. Wheeting, S. C. Vandecaveye, and L. E. 
Dunn; the maintenance of organic matter in eastern Washington 
soils, by Vandecaveye, Wheeting, and L. T. Kardos; plant composi- 
tion as influenced by fertilizers and soil type, by Vandecaveye and 
Dunn; fertility investigations of greenhouse soils, by Wheeting 
and Dunn; the effect of various cropping systems in the Palouse 
region upon the leaching through the soil of plant nutrients and 
other chemical constituents, by Kardos and Vandecaveye; changes 
occurring in irrigated soils in the Wenatchee and Yakima Valleys 
as a result of irrigation and fertilizer treatments, by Vandecaveye 
and Wheeting; land classification and soil surveys, by Wheetins: 
utilization of fertilizers on representative upland soils in western 
Washington, by Wheeting, Vandecaveye, and Dunn; investigations 
of the accumulations of arsenical sprays in orchard soils, by 
Kardos, Vandecaveye, and E. A. Epps; fertility of irrigated soils, 
by Vandecaveye, Wheeting, and H. P. Singleton; and legume cul- 
ture distribution, by Vandecaveye. 

Studies in soil erodibility, effect of plant cover on runoff and 
erosion, and relation of cropping practices to erosion control are 
all noted by G. M. Horner; and tillage practices for erosion con- 
trol, and runoff from agricultural watersheds, both by Horner and 
L. M. Naffziger. Observational nursery for herbaceous species and 
for woody species are discussed by J. L. Schwendiman and A. J. 
Johnson and by P. E. Lemmon, R. L. Brown, W. E. Chapin, and 
H. W. Miller, respectively; observational field plantings of her- 
baceous species, by R. F. Sackman and Johnson, and of woody 
species, by Lemmon, Brown, Chapin, and Miller; seed increase of 
foundation stock, by Johnson and Sackman; production of nursery 
stock, by Lemmon, B. L. Peters, Brown, and Johnson; outlying 
nurseries, by V. B. Hawk; seed and plant collection and distribu- 
tion, by L. A. Mullen; and seed analysis, by D. D. Forsyth and 
Mullen. . (Continued on page 294) 
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WEYERHAEUSER SALES COMPANY . 


‘ 


In the design of this barn, engineers of farm 
structures were able to effect tremendous sav- 
ings in erection costs and promote better 
workmanship because there was available 
for their planning, improved, ready-to-use, 
4-Square Lumber. 

Weyerhaeuser 4-Square Lumber is cut to 
exact lengths. It is squared and smoothed on 
ends and edges. It is properly seasoned, ex- 
pertly graded, and available in a wide variety 
of species. Each 4-Square refinement is prac- 
tical, each improvement adds value. 

Specifications and Material Lists may be 


fm ee Drop Siding i is pe and grooved | on sale as well as thage his permits inter-_ 
tock each p h piece ece with th adjoining pieces, providing a a ‘tight, rigid wall ‘surface. Pieces need not be 
ined 6 over the ¢ framing members 2 as is required when hen plain, or square-end lumber is used. 4-Square_ ‘ 
. less lumber er is ready for immediate ate use; cutting ing and fitting « are unnecessary except at openings — 
ad at corners. ers. 4Square Endless Drop. Siding is’ pro produced in all standard 6-inch patterns in in two 
tow ie of Douglas Fir and West Coast Hemlock. It is shipped in labeled bundles which contain 


written so that in many farm buildings the 
major portion of 4-Square Lumber goes into 
place without sawing or fitting. Full bearing, 
tight jointed construction is the natural result 
of using this precision, ready-to-use material. 

4-Square Lumber is the lumber for the 
farm. Its use lowers the cost of building and 
promotes the better construction of any well 
designed farm structure. 


Weyerhaeuser makes available to Agricultural En- 
gineers such technical books as the High Cost of Cheap 
Construction—The 4-Square Catalog of Lumber Pro- 
ducts —and a special brochure on Endless Lumber. 


ST. PAUL, MINNESOTA 
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severely drawn and formed 


Zincerip can be 


without flaking 


LEFT: Note the 10'/2-inch 
draw of this gasoline can, 
made of ARMCO ZINCGRIP. 
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ABOVE: Here, the side wall and the bottom of a stock tank made of 


ARMCO ZINCGRIP are being lock-seamed together... 


without any 


peeling of the zinc coating. No cracked-off seams or bare spots are 
left for early rusting . . . important to the life of a stock tank. 


@ The excellent coating ad- 
herence of ARMCO ZINCGRIP 
has great interest for agri- 
cultural engineers . . . who 
wish to recommend farm 
equipment that will with- 
stand the most rigorous out- 
door service without early 
rust failure. 

This special galvanized 
sheet has a scientifically ap- 
plied zinc coating that not 
only can be lock-seamed 
without flaking, but will 
stand up under severe form- 
ing and drawing operations. 
Special processing also 


makes ZinccriP better look- 
ing and stronger than ordi- 
nary galvanized sheets. 

For these reasons, leading 
manufacturers of metal silos, 
grain bins, corn cribs, hay- 
storage units, barns, stock 
tanks, poultry equipment 
and farm machinery are 
using ZINCGRIP increasingly. 

We shall be glad to send 
you free our technical engi- 
neering bulletins on galva- 
nized and Zinccrip sheets. 
Please write on your com- 
pany letter-head or mention 
your affiliation in the coupon. 


The American Rolling Mill Co., 1891 Curtis St., Middletown, Ohio 
Please send me your technical bulletins on galvanized sheet metal. 


Name____ 


Address 


| 
| 
1 
| Company or affiliation 
1 
| 
1 


City or town 


State 
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Agricultural Engineering Digest 
(Continued from page 292) 


HyproLocic StupiEs: COMPILATION OF RAINFALL AND RUN- 
OFF FROM THE WATERSHEDS OF THE NORTH APPALACHIAN 
CONSERVATION EXPERIMENT STATION, ZANESVILLE, OHIO, 1933- 
38, H. L. Borst and R. Woodburn. U. S. Dept. Agr., Soil Conserv. 
Serv. 1939, SCS-TP-26, pp. [3] + 25 + [136], figs. 115. The 
station tract consists of approximately 250 acres on the upper: 
reaches of Timber Run, a small tributary of the Licking River, 
which joins the Muskingum at Zanesville. The station is located 
about 8 miles northwest of Zanesville, Muskingum County. It is 
hilly, ranging in elevation from about 880 to 1,040 ft above sea 
level. The soil is chiefly Muskingum silt loam. Associated types 
are Wellston and Eifort silt loams. The effects of land use on 
runoff and erosion were studied on a pasture watershed of 3.57 
acres, a cultivated watershed of 2.55 acres, and a wooded water- 
shed of 2.23 acres. All storms are tabulated, and about 10 or i2 
important runoff producing storms each year are analyzed in 
detail. Data concerning the instruments used (rain gages, Par- 
shall flumes, and Ramser silt samplers) are given in tabular form, 
and methods used in compiling rainfall and surface runoff data 
are briefly discussed. Appendix A, by N. L. Eriksson, consists of 
a description of the wooded watershed, appendix B is made up of 
maps, and the recorded data constitute appendix C. 


List OF PUBLICATIONS ON CHEMISTRY OF Woop AND Der- 
RIVED PRODUCTS, JULY 1939. (Coop. Univ. Wis.) U. S. Dept. 
Agr., Forest Serv., Forest Prod. Lab. 1939, pp. [1] + 33. This 
bibliography contains instructions for obtaining publications, a gen- 
eral reference list, and classified references under the following 
captions: Chemical composition of wood, chemical and physical 
properties of wood, chemical industries using wood, chemistry of 
wood preservatives, and other publication lists issued by the Forest 
Products Laboratory, the first three classifications being further 
subdivided into several more specific topics. 


CoTToN GINNING EQUIPMENT AND PRACTICES IN TENNESSEE, 
C. E. Allred and B. D. Raskopf. (Coop. U. S. D. A.) Tennessee 
Sta., Agr. Econ. and Rural Sociol. Dept. Monog. 101 (1940), pp. 
{1} + IV + 34, figs. 7. The number of ginneries, by years from 
1902 to 1939, and their ownership and management are given, 
and ginneries are classified by power used, by size and capacity, 
and by such specified equipment as fans, seed-cotton driers, cleaners 
and extractors, distributors, type of gin, lint flues and condensers, 
and trampers, presses, and press boxes. Other topics taken up 
include preparation of cotton ginned in Tennessee, charges for 
ginning, improvements in ginning in Tennessee, and ginneries 
reported active in Tennessee, 1939. A bibliography is added, to- 
gether with a list of the monographs in this series. 


A HOMEMADE EGG-CoOOLER FOR FARM Usg, R. B. Thomp:on 
and C. A. Roberts. Oklahoma Sta. Bul. 240 (1940), pp. 16, figs. 
7. The device described is a summer egg cooler, using the evapo- 
ration of water to reduce the temperature and designed to be of 
value only through the hot, dry summer months. Because the 
cooler also provides moisture, it prevents the eggs from guing 
stale due to evaporation of their contents when exposed to hot, 
dry weather. The device consists of an open framework of 1x4-in 
slats covered with burlap, with provision for keeping the burlap 
Saturated with water. The outside dimensions of the framework 
should be 36 in wide, 36in high, and 33.75 in deep to hold two 
egg cases and provide an adequate amount of space for a pre- 
cooling tray and wire basket. It was found that burlap, witl: its 
more open weave, permitted a greater circulation of air than did 
other covering materials, a provision which was necessary to pre- 
vent mold from developing on the eggs. 


Experimental work with the summer evaporation cooler showed 
that eggs held longer than 7 days are likely to develop a damag- 
ing mold growth. Eggs held at high and dry temperatures beiore 
storage were found to lose quality rapidly while in storage. Iggs 
held in the summer evaporation egg cooler before storage had 
much better quality after storage than eggs held in a normal t-m- 
perature room. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE \IIS- 
souRI STATION, Missouri Sta. Bul. 413 (1940), pp. 13-15, fig. 1. 
Work on size, depth, and spacing of tile drains for Missouri soils 
is reported upon by J. C. Wooley; electric brooding of chicks and 
operating costs of electric fence controllers, both by M. M. Jones 
and W. A. Junnila; contour furrowing for pastures (this work 
including the design of a furrowing machine to build furrows 
without losing sod or exposing subsoil and a draft sufficiently !ow 
so that an ordinary farm tractor may be used for power), by 
Wooley, Jones, and X. McNeal; seedbed preparation studies, by 
Jones and McNeal; and the effect of environment on laying hens, 
by Wooley and E. M. Funk. (Continued on page 296) 
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eering Combines! 
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i Thresh All These 


| Crops—and More 
with the 6-ft. No. 61 
and the 4-ft. No. 42 


Alfalfa Lettuce 
Barley Millet 
Beans (navy, Mustard 
lima, kidney, Oats 
pinto, etc.) Parsnip 
Buckwheat Peas 
Carrots Radish 
Clovers (all kinds)Rice 
Crotolaria Rye 
Emmer Soybeans 
Flax Spelt 


Grain Sorghums SudanGrass 
(feterita, milo, Sunflowers 
hegari,kafir, Turnip 
sorgo, etc.) Vetch 

Lespedeza Wheat 


‘vhe McCormick-Deering 6-foot No. 61 Harvester-Thresher doing a swell 
job harvesting soybeans. 


Pes 

McCormick-Deering Combines carry the great- 
est name in harvesting equipment—and a reputation 
for long life and low-cost, efficient work in all 
threshable crops. 

Soybeans, clover, peas, sorghums, and many 
other special seed crops can be handled profitably. 
And here’s something to remember—you don’t need 
a lot of expensive, hard-to-adjust changeover parts 
for adapting these combines to special crops. Spe- 
cial sieves or grate equipment, when needed, can be 
put on and adjusted easily. 

See the nearest International Harvester dealer 
now for information. 


INTERNATIONAL HARVESTER COMPANY _ “Xere's the sweetest little outfit that ever hummed through a harvest field— 


the brand-new McCormick-Deering 4-foot No. 42 Harvester-Thresher. It 
(Incorporated) handles soybeans (above), small grains, and all threshable seed crops effi- 


180 Korth Michigan Avenue CHICAGO, ILLINOIS ciently and economically. 
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A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


— 


only $1.40 


The ONLY binder that 
opens flat as a bound book! Made of 
durable imitation leather, nicely 
stamped on front cover and backbone, 
with name of journal and year and 
volume number, it will preserve your 
journals permanently. Each cover holds 12 issues (one 
volume). Do your own binding at home in a few 
minutes. Instructions easy to follow. Mail coupon for 
full information, or binder on 10-day free trial. 


eseseesescessessees MAIL COUPON TODAY s#eeeseeeenennnene8 


SUCKERT LOOSE-LEAF COVER CO. 


234 West Larned St., Detroit, Mich. 
Mail postpaid... binders for Agricultural 


Engineering for years... es a i et 
Will remit in 10 days or return binders collect. 

Name...... 

Address 


City... ko ee 


ESPITE the presumption it sets up, 
mere membership in the American Society of 
Agricultural Engineers is no proof of a man’s 
high rank in technical talent. It does prove that 
he has met certain minimum requirements and 
has earned the esteem of colleagues who spon- 
sored his application for membership. 


But the Society emblem is evidence that 
native talent, be it great or small, is enriched by 
fraternity with the personalities whose minds 
fuse to form the pattern of progress in the 
methods and mechanics of agriculture. The 
wearer of the emblem waits not for the debut 
of an idea, but is present at its birth and helps 
to guide its growth. 

Be you novice or veteran, your membership 
in the organized profession adds something to 
your efficiency, your vision, your influence as 
an individual engineer. The Society symbol on 
your lapel is token that you “belong”. Wear it. 


STYLES AND PRICES OF ASAE EMBLEMS 


With blue ground for Fellows and Members— 
furnished either in pin with safety clasp or lapel 


button—$2.00 each. 


With red ground for Junior Members, Asso- 
ciates, and Student Members—furnished only in 


pin with safety clasp—$1.00 each. 
Send orders to ASAE, St. Joseph, Michigan. 


the BADGE 
of him who 


BELONGS 


Agricultural Engineering Digest 
(Continued from page 294) 


FARM Fences, M. A. R. Kelley. U. S. Dept. Agr., Farmers’ Bul. 
1832 (1940), pp. [2] + 58, figs. 64. This publication presents a 
more or less popular discussion of rail, board, stone, barbed-wire, 
and woven-wire fences. The advantages and disadvantages of elec- 
tric fences are stated nontechnically, with the warning that the 
safety factors have not been thoroughly worked out and_ stan- 
dardized. Posts of wood, metal, and concrete and their spacing 
are taken up, together with life of fences, cost of fencing, con- 
struction methods, lightning protection, gates and entrances, and 
maintenance of fences. 


Literature Received 


COMPILATION OF RAINFALL AND RUN-OFF FROM THE WATER- 
SHEDS OF THE NORTH APPALACHIAN CONSERVATION EXPERIMENT 
STATION, ZANESVILLE, OHIO (1933-38), by H. L. Borst and Rus- 
sell Woodburn. Paper bound, Mimeographed, 8x1014 in. A com- 
pilation of data recorded, presented largely in tables and graphs, 
with brief descriptive information on the station, watersheds, instru- 
mentation, and methods of compiling the data. One of a series of 
publications on Hydrologic Studies. SCS-TP-26 (August 1939). 


COMPILATION OF RAINFALL AND RUN-OFF FROM THE WATER- 
SHEDS OF THE MIssoURI VALLEY LOESS REGION CONSERVATION 
EXPERIMENT STATION, CLARINDA, Iowa (1934-38), by L. H. 
Schoenleber. A publication similar to the above, and one of the 
same series on Hydrologic Studies. SCS-TP-31 (May 1940). 


EMPLOYMENT BULLETIN 


The American Society of Agricultural Engineers conducts an employ- 
ment service especially for the benefit of its members. Only Society 
members in good standing may insert notices under ‘‘Positions Wanted,” 
or apply for positions under ‘‘Positions Open.’’ Both non-members and 
members seeking to fill positions, for which ASAE members are qualified, 
are privileged to insert notices under ‘‘Positions Open,’’ and to be re- 
ferred to members listed under ‘‘Positions Wanted.’’ Any notice in this 
bulletin will be inserted once and will thereafter be discontinued, unless 
additional insertions are requested. There is no charge for notices pub- 
lished in this bulletin. Requests for insertions should be addressed to 
ASAE, St. Joseph, Michigan. 


POSITIONS OPEN 


FARM EQUIPMENT ENGINEER—Large distributor of farm 
machinery and equipment has excellent opportunity for an experi- 
enced agricultural mechanical engineer thoroughly experienced in 
manufacturing methods and costs and actual farm experience or its 
equivalent. Preferably 35 to 39 years of age. Prefer experience on 
the development of hammer mills, hay racks, manure spreaders, 
rotary hoes, cultivators. Good starting salary and excellent oppor- 
tunity for advancement. Members of our organization have been 
advised of this advertisement. Interviews arranged by appointment. 
Give educational, personal, and business background. PO-125 


POSITIONS WANTED 


AGRICULTURAL ENGINEER with B.S. and M.S. degree 
desires position requiring engineering training. Prefers research 
or teaching, or employment with a farm implement company. Has 
five years’ experience teaching, research, and extension work with 
college. Six years’ experience in soil conservation work with re- 
search and operations section of the federal government. Expeti- 
ence in pump irrigation work. Farm background. Age 34. Married. 


Reference and complete information furnished upon request. 
PW-321 


AGRICULTURAL ENGINEER with B.S. degree from southern 
college and M.A. degree from midwestern university (1938), 
desires employment as instructor, with farm implement company, 
or in agricultural extension. Has five years’ teaching experince, 
one year research, and two years as construction supervisor. Farm 
background. Age 33. Married. Reference and professional record 
available upon request. PW-322 


AGRICULTURAL IMPLEMENT ENGINEER, graduate of 
A. & M. College of Texas in 1929, desires employment in the 
agricultural implement field, preferably something in the nature of 
a designing foremanship. Has had several years of design expetfi- 
ence in most agricultural lines, except tractors and tractor equip- 
ment, and is well acquainted with shop practice. PW-323 
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